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system

(57) An optical transmission system using a partial
response encoded signal is disclosed, which improves
the wavelength tolerance, compensates the dispersion
in a simple way, reduces the limitation of the fiber input
power. The transmitting operation includes receiving a
clock signal from a system clock source (2); modulating
a single mode optical signal based on the clock signal
and generating an optical pulse signal having two lon-
gitudinal modes, the frequency interval between the two
modes being n x B, where n is a natural number and B
is a transmission speed; generating a partial response

encoded signal by converting a binary NRZ encoded
signal output from a digital signal source (5) in synchro-
nism with the system clock source; and modulating the
optical pulse signal having two longitudinal modes
based on the partial response encoded signal, and out-
putting a binary RZ modulated signal obtained by the
modulation. The transmitted binary RZ modulated sig-
nal is input into a receiver. Two partial response compo-
nents included in the optical spectra of the input signal
are divided, and one or both of the divided components
are received.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a system and
method of transmitting an optical signal of a single wave-
length or a wavelength-division multiplexed optical sig-
nal, and in particular, to a technique which is effectively
applied to an optical transmission system for modulating
an optical signal by using a partial response encoded
signal. The present invention also relates to an optical
transmission system for suppressing the degradation of
the transmitting quality due to chromatic dispersion of a
transmission medium such as an optical fiber, or to in-
teraction between the chromatic dispersion and the non-
linear optical effects in the transmission medium. The
present invention also relates to an optical transmitter
and optical receiver which constitute the optical trans-
mission system.

Description of the Related Art

[0002] In conventional optical fiber transmission sys-
tems, various kinds of encoded signals for modulation
have been proposed for improving tolerance with re-
spect to waveform distortion due to chromatic disper-
sion of a relevant optical fiber, and for reducing the
wavelength distortion due to the nonlinear optical effects
occurring in a relevant optical fiber transmission path.
[0003] As a disclosed technique for improving chro-
matic dispersion tolerance, Reference 1 (K. Yonenaga
et al., "Dispersion-Tolerant Optical Transmission Sys-
tem Using Duobinary Transmitter and Binary Receiver",
Journal of Lightwave Technology, LT-15, (8), pp.
1530-1537, 1997) discloses an optical duobinary mod-
ulating means which has a push-pull type Mach-Zeh-
nder optical intensity modulator (called "MZ optical in-
tensity modulator") and which uses a duobinary encod-
ed signal as a modulated signal, where the duobinary
encoded signal is a three-level partial response encod-
ed signal.
[0004] The transmitter of a conventional optical trans-
mission system (see Fig. 37A) includes a duobinary en-
coding section (electric partial response encoding sec-
tion) 6 for receiving a binary NRZ (non-return-to-zero)
encoded signal supplied from a binary NRZ digital signal
source which is in synchronism with a system clock
source 2, and for outputting an electric duobinary en-
coded signal.
[0005] A binary NRZ encoded signal P3 (see Fig.
38A) generated by the binary NRZ digital signal source
5 is logically inverted in a logical inversion circuit 62 in
the electric partial response encoding section 6 into an
inverted NRZ encoded signal P4 (see Fig. 38B). This
logically inverted encoded signal is converted by a pre-
coder 61 having an exclusive OR (EX-OR) circuit 63 and

a 1-bit delay circuit 64 (i.e., a 1-time slot delay for data
having a transmission speed (or rate) B (refer to Fig.
39C)). After that, a binary NRZ pre-coder output signal
P5 (see Fig. 38C) is differentially output by a differential
converter 65.
[0006] The above binary NRZ pre-coder output signal
P5 is amplified in an amplifying circuit 66, and then input
into a low-pass filter (LPF) 67 whose 3 dB bandwidth is
B/4, thereby obtaining a three-level complementary du-
obinary encoded signal P6 (see Fig. 38E). An equivalent
circuit of LPF 67 is a pre-coder consisting of a 1-bit delay
circuit 67A and an adder 67B (see Fig. 37B), so that it
is obvious that signal P6 is equal to the sum of a binary
NRZ pre-coder output signal P5a and a 1-bit delayed
binary NRZ pre-coder output signal P5b (see Figs. 38C
and 38D).
[0007] In an optical modulating section 7, a push-pull
type MZ optical intensity modulator 71 modulates a sin-
gle mode optical signal P1 (see Fig. 39A), output from
a continuous wave (CW) laser source 42, according to
the three-level complementary duobinary encoded sig-
nal P6, and is converted into an optical duobinary en-
coded signal P7 (see Fig. 39B).
[0008] The above Reference 1 shows a structure, as
shown in Fig. 37A, by which the chromatic dispersion
tolerance can be twice as much as that of generally
known NRZ encoded signals.
[0009] Another Reference 2 (A. Matsuura et al.,
"High-Speed Transmission System Based on Optical
Modified Duobinary encoded signals", Electronics Let-
ters, Vol. 35, No. 9, pp. 1-2, 1999) discloses an optical
partial response modulating means suitable for a sys-
tem using a modified duobinary encoded signal as a
modulated signal, which is also a three-level partial re-
sponse encoded signal. In the relevant system, the
chromatic dispersion tolerance is also increased to
twice as much as that related to general NRZ encoded
signals.
[0010] In order to reduce an undesirable effect of
waveform distortion due to the nonlinear optical effects,
a method using an RZ (return-to-zero) encoded signal
having a fixed pulse width is effective. Reference 3 (K.
Sato et al., "Frequency Range Extension of Actively
Mode-Locked Lasers Integrated with Electroabsorption
Modulators Using Chirped Grating", Journal of Selected
Topics in Quantum Electronics, Vol. 3, No. 2, pp.
250-255, 1997) discloses a relevant technique using a
mode-locked laser, Reference 4 (M. Suzuki et al., "New
Application of Sinusoidal Driven InGaAsP Electroab-
sorption Modulator to In-Line Optical Gate with ASE
Noise Reduction Effect, Journal of Lightwave Technol-
ogy, Vol. 10, pp. 1912-1928, 1992) discloses a relevant
technique using an absorption-type semiconductor
modulator, and Reference 5 (K. Iwatsuki et al., "Gener-
ation of Transform Limited Gain-Switched DFB-LD Puls-
es < 6ps with Linear Fiber Compression and Spectral
Window", Electronics Letters, Vol. 27, pp. 1981-1982,
1991) discloses a relevant technique using gain switch-
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ing of a semiconductor laser.
[0011] None of the above References 3 to 5 discloses
a data conversion encoded signal of an RZ pulse se-
quence.
[0012] As an example of a dual-mode beat pulse se-
quence generating means, Reference 6 (D. Wake et al.,
"Optical Generation of Millimeter-Wave Signals for Fib-
er-Radio Systems Using a Dual-Mode DFB Semicon-
ductor Laser", IEEE Transactions on Microwave Theory
and Techniques, Vol. 43, pp. 2270-2276, 1995) disclos-
es a technique for generating a dual-mode beat pulse
signal by synchronizing two single-longitudinal-mode la-
ser sources, Reference 7 (K. Sato et al., "Dual-Mode
Operation of 60-GHz Mode-Locked Semiconductor La-
sers", Proceedings of the 1999 IEICE (Institute of Elec-
tronics, Information and Communication Engineers)
Electronics Society Conference, C-4-8, p. 235, 1999)
discloses a technique for generating a dual-mode beat
pulse signal by using a mode-locked semiconductor la-
ser, and Reference 8 (Y. Miyamoto et al., "320 Gbits/s
(8 x 40 Gbits/s) WDM Transmission over 367 km with
120 km Repeater Spacing Using Carrier-Suppressed
Return-to-Zero Format", Electronics Letters, Vol. 35,
No. 23, pp. 2041-2042, 1999) discloses a technique for
generating a dual-mode beat pulse signal by using an
LN (LiNbO3) MZ modulator.
[0013] Neither of the above References 6 and 7 dis-
closes usage of a baseband signal as a modulated sig-
nal, and the above Reference 8 discloses usage of an
NRZ encoded signal in synchronism with beat frequen-
cy B.
[0014] However, in the above-described conventional
technique, when a binary optical partial response mod-
ulated signal such as an optical duobinary encoded sig-
nal or optical modified duobinary encoded signal is
used, the same codes may successively appear (such
as a sequence having a pattern of "1, 1, ... 1") in an op-
tical modulated signal which is dependent on the pattern
of an input binary NRZ encoded signal. In this case, the
pulse width of the optical modulated signal is not con-
stant. Therefore, if the optical input power increases,
marked waveform distortion appears due to interaction
between the self phase-modulation effect and the chro-
matic dispersion, and thus the tolerance characteristics
of the chromatic dispersion are degraded.
[0015] On the other hand, in order to equalize or bal-
ance the chromatic dispersion in an optical transmission
path, it is easy to provide a dispersive medium, which
has dispersive characteristics opposite to those of the
transmission path, in a receiver or an inline optical am-
plifying repeater, and to compensate the dispersion so
as to have a total dispersion (value) D of 0. This condi-
tion is also preferable for the measurement of dispersion
in the optical fiber transmission path.
[0016] However, in the conventional binary optical
partial response modulated signal, the optimum total
dispersion D is generally shifted to an anomalous dis-
persion (D > 0) region. Therefore, if dispersion compen-

sation is performed under the simple condition of "D =
0", considerable intersymbol interference due to the
chromatic dispersion may occur between the encoded
signals in the receiver because the optimum value of the
dispersion compensation is shifted from that point. Ac-
cordingly, the receiving sensitivity is degraded.
[0017] Additionally, in the conventional binary optical
partial response modulated signal, the initial intersym-
bol interference between the encoded bits in the modu-
lated waveform is larger than that of generally known
NRZ encoded signals; therefore, the receiving sensitiv-
ity tends to be degraded in a binary receiving circuit
which is also applied to the NRZ encoded signals.
[0018] If a conventional optical pulse sequence hav-
ing a constant pulse width is modulated using a partial
response encoded signal so as to prevent waveform
degradation due to the nonlinear optical effects or to pre-
vent the intersymbol interference between encoded sig-
nals of initial modulated waveforms, then the chromatic
dispersion tolerance with respect to the partial response
encoded signal is considerably degraded.
[0019] Furthermore, in the conventional RZ modula-
tion method (refer to the above References 4 to 6), the
phases of each optical pulse are the same as shown in
Fig. 40A (the temporal waveform of an RZ encoded sig-
nal is shown in Fig. 41 A). Therefore, in the Fourier trans-
form of a conventional optical pulse sequence signal,
modes of clock components are generated at points
away from the carrier (f0) component by B (transmission
speed), as shown in Fig. 40B. When each of the three
modes is modulated by a general NRZ encoded signal
having a bandwidth of 2B, the total bandwidth is 4B as
shown in Fig. 41B.
[0020] That is, the band occupied by the optically
modulated spectrum of a pulse sequence is wide such
as 3B to 4B or more (B is the transmission speed).
Therefore, the effect of the chromatic dispersion or a dis-
persion slope cannot be ignored, so that the transmitta-
ble distance may be limited if the transmission speed is
increased.
[0021] In addition, in a wavelength-division multi-
plexed system, if the band occupied by the optically
modulated spectrum is wide, the number of wavelength
channels which can be multiplexed in a specific optical
gain band of an optical amplifier, used in the wave-
length-division multiplexed system, is decreased and
the signal spectrum efficiency is degraded. Therefore,
the total transmission capacity of the wavelength-divi-
sion multiplexed system is reduced.
[0022] In addition, in the technique of generating the
dual-mode beat pulse disclosed in the above Reference
7, it is difficult to synchronize the optical frequencies of
two longitudinal modes, so that the stability is inferior.
The above Reference 8 also discloses a dual-mode beat
pulse signal; however, the disclosed modulated data
signal is a conventional NRZ encoded signal, and each
line spectrum in the optical spectrum is preset at inter-
vals corresponding to the transmission speed B. As a
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result, if the input power into an optical fiber exceeds
the threshold of the stimulated Brillouin scattering (a few
mW at a wavelength of 1.5 µm in a single-mode silica
fiber), the signal is backward-scattered to the input side
by the stimulated Brillouin scattering, so that the input
power from a transmitter into the optical fiber (i.e., opti-
cal fiber transmission path) is considerably limited. In
order to solve this problem, an additional circuit for en-
larging the line width of the optical carrier signal, or the
like, is necessary in conventional systems.
[0023] In other words, the degradation of the trans-
mission quality in such an optical transmission system
is caused by an effect of the group velocity dispersion
of each optical fiber in the bandwidth of an optical signal.
According to such an effect, the waveform of the optical
pulse is deformed and interference between adjacent
time slots may occur.
[0024] In order to suppress such degradation due to
the group velocity dispersion, an optical duobinary
transmission method using an optical transmission sys-
tem as shown in Fig. 42 has been proposed (refer to
Japanese Unexamined Patent Application, First Publi-
cation No. Hei 9-236781).
[0025] In Fig. 42, a binary data signal (i.e., binary sig-
nal) is input into an encoded signal conversion circuit
171 and is converted into a three-level duobinary en-
coded signal. This duobinary encoded signal is divided
into two portions, and one of them is logically-inverted
in an inversion circuit 172; then the band thereof is lim-
ited by amplitude control circuits 173-1 and 173-2, so
that the signal is used for push-pull-driving a dual-elec-
trode MZ optical intensity modulator 174 whose trans-
mittance is biased to the minimum value.
[0026] The optical intensity of a continuous-wave sig-
nal output from a continuous-wave light source 175 is
modulated according to the above duobinary encoded
signals having opposite phases, and this intensity-mod-
ulated signal, that is, the optical duobinary encoded sig-
nal, is output into an optical transmission medium 103.
The optical duobinary encoded signal transmitted
through the optical transmission medium 103 is directly
detected by an optical detection circuit 181, and the de-
tected signal is identified by a decision circuit 182. The
logic of the signal output from the decision circuit 182 is
inverted in an inversion circuit 183, thereby reproducing
a binary data signal.
[0027] In the above optical duobinary transmission
system, a high chromatic dispersion tolerance of the op-
tical fiber can be obtained (refer to K. Yonenaga et al.,
"Optical Duobinary Transmission System with No Re-
ceiver Sensitivity Degradation", Electronics Letters, Vol.
31, No. 4, pp. 302-304, 1995).
[0028] However, if the intensity of light incident on an
optical fiber transmission path (i.e., fiber input (or
launched) power) is increased in the relevant conven-
tional structure, the dispersion tolerance is degraded.
Fig. 43 shows results of a computer simulation of the
dispersion tolerance of each of the optical duobinary

transmission methods, and generally known methods
using NRZ and RZ encoded signals. The common con-
dition is to transmit the signal through 2 spans of 100
km of a single mode fiber having a local dispersion of
+2 ps/nm/km via an optical amplifier, and the graph
shows contour lines when each eye opening is degrad-
ed by 1 dB. Here, the graph also shows the dispersion
tolerance of the present invention explained below.
[0029] In Fig. 43, at 0 dBm of the fiber input power,
the dispersion tolerance in the method using the NRZ
encoded signal is approximately twice as much as that
of the method using the RZ encoded signal, while the
dispersion tolerance in the method using the optical du-
obinary encoded signal is approximately four times as
much as that of the method using the NRZ encoded sig-
nal. Here, the optimum dispersion is approximately 0 ps/
nm.
[0030] However, when the intensity of light incident on
the optical fiber transmission path is increased, the dis-
persion tolerance of the optical duobinary transmission
method is degraded, and in particular, the total disper-
sion, which is optimum in a low-power region, is consid-
erably degraded in the vicinity of 0 ps/nm. When the fiber
input power exceeds 5 dBm, the amount or degree of
degradation of the eye opening may exceed 1dB.
[0031] On the other hand, in the methods using the
NRZ and RZ encoded signals, the optimum dispersion
is shifted towards the positive dispersion side according
to the increase of the fiber input power, and the point of
0 ps/nm, which is the optimum point under the low power
condition such as 0 dBm, is positioned near an end in
the dispersion tolerance width (or margin), and the tol-
erance margin is considerably decreased if the incident
optical power is further increased. This is because a fre-
quency chirp is added to the optical signal due to the
nonlinear optical effects in the optical fiber, Additionally,
the dispersion tolerance itself is very small such as 1/4
or 1/8 in comparison with the optical duobinary trans-
mission method; thus, the system design itself is difficult
and system optimization is also difficult when the system
is introduced into practical use.
[0032] As explained above, in the transmission meth-
ods using the optical duobinary, NRZ, and RZ encoded
signals, the optimum point of dispersion tolerance shifts
with respect to a wide fiber input power range. This
makes the system design complicated and disturbs the
speedy introduction and stable operation of the system.
That is, in the design of the optical transmission system,
it is necessary to consider the optimum dispersion which
varies depending on the fiber input power, and thus the
design is complicated.
[0033] Additionally, when the optical transmission
system is installed, the dispersion of the optical fiber
transmission path is measured using a dispersion
measurement device, and an optimum dispersion (gen-
erally, 0 ps/nm, but a slightly shifted value if the trans-
mitted signal is chirped) is defined so as to establish the
system. However, only the dispersion of the optical fiber
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can be acquired in the above measurement of disper-
sion; thus, it is difficult to follow the variation of the op-
timum dispersion specific to each transmission system
which employs a specific encoded signal. In other
words, in the conventional methods, the effective dy-
namic range of the incident light is small. Therefore, in
the optical transmission system employing a conven-
tional method, the bit rate or transmission distance must
be limited.
[0034] Also as explained above, in each of the trans-
mission methods using the optical duobinary, NRZ, and
RZ encoded signals, the dispersion tolerance is consid-
erably degraded according to an increase of the fiber
input power. This prevents the stable operation of the
optical transmission system.

SUMMARY OF THE INVENTION

[0035] In consideration of the above circumstances,
the present invention relates to an optical transmission
system using a partial response encoded signal, and an
objective of the present invention is to provide a tech-
nique for improving the wavelength tolerance, compen-
sating the dispersion in a simple way, and reducing the
limitation of the fiber input power.
[0036] Another objective of the present invention is to
maintain a stable dispersion tolerance within a wide
range of the fiber input power, to make the design of the
optical transmission system easy, to realize speedy in-
stallation of the optical transmission system, and to pro-
vide an optical transmitter and an optical receiver which
constitute the above optical transmission system.
[0037] The above and other objectives and distinctive
features of the present invention will be clearly shown
by the following description and the appended drawings.
[0038] Therefore, the present invention provides an
optical transmission method for modulating an optical
signal having longitudinal modes based on a partial re-
sponse encoded signal and outputting the modulated
signal, comprising the steps of:

receiving a clock signal from a system clock source;
modulating a single mode optical signal based on
the clock signal and generating an optical pulse sig-
nal having two longitudinal modes, the frequency
interval between the two modes being n x B, where
n is a natural number and B is a transmission speed;
generating a partial response encoded signal by
converting a binary NRZ encoded signal output
from a digital signal source in synchronism with the
system clock source; and
modulating the optical pulse signal having two lon-
gitudinal modes based on the partial response en-
coded signal, and outputting a binary RZ modulated
signal obtained by the modulation.

[0039] Preferably, the binary RZ modulated signal is
output after higher harmonic components thereof are re-

moved.
[0040] Typically, a duobinary encoded signal or a
modified duobinary encoded signal is used as the partial
response encoded signal.
[0041] The present invention also provides an optical
transmitter comprising:

a system clock source for generating a clock signal;
a binary NRZ digital signal source for generating a
binary NRZ digital signal in synchronism with the
clock signal;
an electric partial response encoding section for re-
ceiving the binary NRZ digital signal and generating
an electric partial response encoded signal;
a dual-mode beat optical pulse generating section
for generating an optical pulse signal having two
longitudinal modes, the frequency interval between
the two modes being n 3 B, where n is a natural
number, B is a transmission speed, and the gener-
ated optical pulse signal is in synchronism with the
binary NRZ digital signal;
a pulse light source driving section for generating a
signal for driving the dual-mode beat optical pulse
generating section, by using a clock signal in syn-
chronism with the clock signal generated by the sys-
tem clock source; and
an optical modulating section for modulating the op-
tical pulse signal having two longitudinal modes
based on the electric partial response encoded sig-
nal, and outputting a binary RZ modulated signal
obtained by the modulation.

[0042] Typically, the dual-mode beat optical pulse
generating section includes a Mach-Zehnder optical in-
tensity modulator or a dual-mode oscillation mode-
locked laser.
[0043] It is possible that the Mach-Zehnder optical in-
tensity modulator is a push-pull type, and is driven by a
clock signal which has a frequency of n 3 B/2 and has
an amplitude equal to the half-wave voltage of the Mach-
Zehnder optical intensity modulator.
[0044] Preferably, the dual-mode beat optical pulse
generating section has an optical filter for removing
higher harmonic components included in the optical
pulse signal having two longitudinal modes.
[0045] In this case, an arrayed-waveguide grating fil-
ter may be used as the optical filter for wavelength-divi-
sion multiplexing the generated signal.
[0046] The optical transmitter may further comprise
an optical filtering section for removing higher harmonic
components included in the optical signal modulated by
the optical modulating section.
[0047] Typically, the above electric partial response
encoded signal is a duobinary encoded signal, and the
binary RZ modulated signal is a carrier-suppressed RZ
optical duobinary encoded signal.
[0048] The present invention also provides an optical
receiver comprising:
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a band dividing section for receiving a binary RZ
modulated signal transmitted from an optical trans-
mitter as explained above, and dividing two partial
response components included in the optical spec-
tra of the received binary RZ modulated signal, and
outputting one or both of the divided partial re-
sponse components; and
an optical receiving section for receiving one or both
of the divided partial response components output
from the band dividing section.

[0049] Typically, the two partial response components
are optical duobinary components.
[0050] It is possible that the optical receiving section
includes:

a photoelectric conversion section for converting
the two partial response components into electric
signals; and
an adder for adding the electric signals so as to re-
generate an original signal in the transmission.

[0051] It is also possible that the optical receiving sec-
tion includes:

a photoelectric conversion section for converting
the two partial response components into electric
signals; and
a subtracter for performing subtraction on the elec-
tric signals so as to regenerate an original signal in
the transmission.

[0052] The optical receiving section may individually
receive the two partial response components, and one
of the components may be for backup use.
[0053] It is also possible that the optical receiving sec-
tion monitors one of the optical intensities of the two par-
tial response components, and controls the pass-band
frequency of the band dividing section so as to satisfy
the condition that the monitored optical power is a max-
imum.
[0054] It is also possible that the optical receiving sec-
tion monitors both of the optical intensities of the two
partial response components, and controls the pass-
band frequency of the band dividing section so as to sat-
isfy the conditions that the sum of the two monitored op-
tical powers is a maximum while the difference of the
two monitored optical powers is a minimum.
[0055] The band dividing section may output only one
of the two partial response components, and may have
crosstalk characteristics in which a suppression ratio of
the output component to the non-output component is
20 dB or more.
[0056] The present invention also provides an optical
transmission system comprising an optical transmitter
as explained above, and an optical receiver as ex-
plained above, which are connected via an optical trans-
mission medium.

[0057] The present invention also provides an optical
transmission system comprising:

a plurality of optical transmitters as explained
above, for generating binary RZ modulated signals
having different wavelengths;
an optical wavelength-division multiplexing section
for wavelength-division multiplexing the binary RZ
modulated signals having different wavelengths,
and outputting the wavelength-division-multiplexed
binary RZ modulated signal;
an optical transmission medium for transmitting the
wavelength-division-multiplexed binary RZ modu-
lated signal;
an optical wavelength-division demultiplexing sec-
tion for receiving the wavelength-division-multi-
plexed binary RZ modulated signal transmitted via
the optical transmission medium, and wavelength-
division demultiplexing the received signal into bi-
nary RZ modulated signals having different wave-
lengths; and
a plurality of optical receivers as explained above,
for respectively receiving the binary RZ modulated
signals having different wavelengths.

[0058] The present invention also provides an optical
transmitter comprising:

a plurality of optical transmitters as explained
above, for generating binary RZ modulated signals
having different wavelengths; and
an optical wavelength-division multiplexing section
for wavelength-division multiplexing the binary RZ
modulated signals having different wavelengths,
and outputting the wavelength-division-multiplexed
binary RZ modulated signal.

[0059] The present invention also provides an optical
receiver comprising:

an optical wavelength-division demultiplexing sec-
tion for receiving a wavelength-division-multiplexed
binary RZ modulated signal output from an optical
transmitter as explained above, and wavelength-di-
vision demultiplexing the received signal into binary
RZ modulated signals having different wave-
lengths; and
a plurality of optical receivers as explained above,
for respectively receiving the binary RZ modulated
signals having different wavelengths.

[0060] The optical wavelength-division multiplexing
section may have an optical filter for removing higher
harmonic components included in the binary RZ modu-
lated signals having different wavelengths.
[0061] According to the present invention, the optical
signal having two longitudinal modes (i.e., the dual-
mode beat pulse optical signal) with a frequency interval
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of n 3 B (n is a natural number and B is a transmission
speed) is used as an optical carrier signal which is to be
modulated, instead of a conventional continuous-wave
optical signal having a single longitudinal mode. There-
fore, the initial interference between the encoded sig-
nals in the modulated waveform can be improved in
comparison with generally-known optical partial re-
sponse encoded signals, and thus the (receiving) sen-
sitivity can be improved.
[0062] In addition, even when the fiber input power is
high, transmission can be performed without consider-
ably degrading the chromatic dispersion tolerance char-
acteristics, thereby easily designing the equalization of
the chromatic dispersion of the optical transmission
path.
[0063] Furthermore, the limitation of the fiber input
power of the optical fiber transmission path due to the
stimulated Brillouin scattering can be reduced in com-
parison with conventional systems which use optical du-
obinary encoded signals.
[0064] Additionally, the carrier-suppressed RZ optical
duobinary encoded signal transmitted through an opti-
cal transmission medium (such as an optical fiber) has
an RZ-pulsed shape; thus, the waveform degradation
caused by the nonlinear optical effects in the optical fiber
can be reduced to a minimum level.
[0065] In the above band dividing section, the two par-
tial response components of the binary RZ modulated
signal are divided, and one or both of the divided com-
ponents are individually extracted and output; thus, the
band corresponding to the original partial response en-
coded signal is affected by the chromatic dispersion of
the optical transmission medium. Therefore, the wave-
form degradation due to the chromatic dispersion of the
optical transmission medium can be reduced to approx-
imately 1/4.
[0066] As shown in Fig. 43, according to the present
invention, it is possible to provide an optical transmis-
sion system having (i) the widest dispersion tolerance
in the practical range of the fiber input power, and (ii) a
fixed optimum dispersion with respect to a variation in
the practical range of the fiber input power. That is, the
optical transmission system (having an optical transmit-
ter and an optical receiver) according to the present in-
vention has a sufficient tolerance with respect to the
degradation of the transmitting quality due to the inter-
action between the nonlinear optical effects and the
chromatic dispersion of the transmission medium. Ac-
cordingly, it is possible to construct an optical transmis-
sion system having a longer transmission path, a larger
transmittable capacity, and much more reliability in com-
parison with conventional optical transmission systems
using an optical duobinary encoded signal, NRZ encod-
ed signal, RZ encoded signal, or the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0067] Fig. 1 is a block diagram showing the general

structure of the optical transmission system as a first
embodiment of the present invention.
[0068] Figs. 2A and 2B are block diagrams showing
the general structure of the optical transmitter as a first
example (Example 1).
[0069] Figs. 3A to 3E are diagrams for explaining the
operation of the optical transmitter of Example 1.
[0070] Figs. 4A to 4E are diagrams for explaining the
operation of the optical transmitter of Example 1.
[0071] Figs. 5A to 5C are diagrams for explaining the
operation of the optical transmitter of Example 1.
[0072] Figs. 6A to 6D are diagrams for explaining the
operation of the optical transmitter of Example 1.
[0073] Fig. 7 is a block diagram showing the structure
used for a computer simulation for explaining the func-
tion and effect of the optical transmission system related
to Example 1.
[0074] Figs. 8A to 8D are diagrams for explaining the
function and effect of the optical transmission system
related to Example 1.
[0075] Figs. 9A and 9B are block diagrams showing
the general structure of the optical transmitter as a sec-
ond example (Example 2).
[0076] Figs. 10A and 10B are block diagrams showing
the general structure of the optical transmitter as a third
example (Example 3).
[0077] Figs. 11A and 11B are block diagrams showing
the general structure of the optical transmitter as a fourth
example (Example 4).
[0078] Figs. 12A to 12E are diagrams for explaining
the operation of the optical transmitter of Example 4.
[0079] Figs. 13A to 13C are diagrams for explaining
the operation of the optical transmitter of Example 4.
[0080] Figs. 14A to 14E are diagrams for explaining
the operation of the optical transmitter of Example 4.
[0081] Fig. 15 is a block diagram showing the general
structure of the optical transmitter as a fifth example (Ex-
ample 5).
[0082] Figs. 16A to 16C are diagrams for explaining
the operation of the optical transmitter of Example 5.
[0083] Figs. 17A and 17B are block diagrams showing
the general structure of the optical transmitter as a sixth
example (Example 6).
[0084] Figs. 18A to 18D are diagrams for explaining
the operation of the optical transmitter of Example 6.
[0085] Figs. 19A to 19G are diagrams for explaining
the operation of the optical transmitter of Example 6.
[0086] Figs. 20A to 20C are diagrams for explaining
the operation of the optical transmitter of Example 6.
[0087] Figs. 21A to 21E are diagrams for explaining
the operation of the optical transmitter of Example 6.
[0088] Fig. 22 is a block diagram showing the general
structure of a first example (Example 1) of the optical
transmission system (an optical transmitter and an op-
tical receiver) in the second embodiment according to
the present invention.
[0089] Figs. 23A and 23B show example structures of
the optical transmitter 101 in Fig. 22; Fig. 23A shows a
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first example, and Fig. 23B shows a second example.
[0090] Figs. 24A to 24D are diagrams for explaining
the operation of the first example of the optical transmit-
ter 101.
[0091] Figs. 25A to 25C are diagrams for explaining
the principle of generation of the carrier-suppressed RZ
optical duobinary encoded signal.
[0092] Fig. 26 is a block diagram showing the general
structure of a second example (Example 2) of the optical
transmission system (an optical transmitter) in the sec-
ond embodiment according to the present invention.
[0093] Figs. 27A and 27B are diagrams for explaining
a difference between the effects of Examples 1 and 2 of
the second embodiment.
[0094] Fig. 28 is a block diagram showing the general
structure of a third example (Example 3) of the optical
transmission system (an optical receiver) in the second
embodiment according to the present invention.
[0095] Fig. 29 is a diagram for explaining the opera-
tion of Example 3.
[0096] Fig. 30 is a block diagram showing the general
structure of a fourth example (Example 4) of the optical
transmission system (an optical receiver) in the second
embodiment according to the present invention.
[0097] Fig. 31 is a diagram for explaining the opera-
tion of Example 4.
[0098] Fig. 32 is a block diagram showing the general
structure of a fifth example (Example 5) of the optical
transmission system (an optical receiver) in the second
embodiment according to the present invention.
[0099] Fig. 33 is a block diagram showing the general
structure of a sixth example (Example 6) of the optical
transmission system (an optical receiver) in the second
embodiment according to the present invention.
[0100] Fig. 34 is a block diagram showing the general
structure of a seventh example (Example 7) of the opti-
cal transmission system in the second embodiment ac-
cording to the present invention.
[0101] Fig. 35 is a block diagram showing the general
structure of an eighth example (Example 8) of the optical
transmission system (an optical transmitter) in the sec-
ond embodiment according to the present invention.
[0102] Figs. 36A to 36C are diagrams for explaining
the function and effect of Example 8.
[0103] Figs. 37A and 37B are block diagrams showing
the general structure of the optical transmitter of a con-
ventional optical transmission system.
[0104] Figs. 38A to 38E are diagrams for explaining
the operation of a conventional optical transmitter.
[0105] Figs. 39A to 39C are diagrams for explaining
the operation of a conventional optical transmitter.
[0106] Figs. 40A and 40B are diagrams for explaining
the operation of a conventional optical transmitter.
[0107] Figs. 41A and 41B are diagrams for explaining
the operation of a conventional optical transmitter.
[0108] Fig. 42 is a block diagram showing the general
structure of a conventional optical transmission system
using an optical duobinary transmission method.

[0109] Fig. 43 is a diagram showing the results of a
computer simulation relating to the dispersion tolerance.
[0110] Figs. 44A to 44D are diagrams for explaining
the distinctive feature of a ninth example (Example 9) of
the optical transmission system (an optical receiver) in
the second embodiment according to the present inven-
tion.
[0111] Fig. 45 is a diagram for explaining the function
and effect of Example 9.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0112] Hereinafter, embodiments and specific exam-
ples according to the present invention will be explained
in detail with reference to the drawings.
[0113] In all of the drawings for explaining each em-
bodiment and example, portions having identical func-
tions are given identical reference numerals, and rele-
vant explanations thereof are not repeated.

First embodiment

[0114] Fig. 1 is a block diagram showing the general
structure of the optical transmission system as a first
embodiment of the present invention. Reference numer-
al 1 indicates an optical transmitter, reference numeral
2 indicates a system clock source, reference numeral 3
indicates a pulse light source driving section, reference
numeral 4 indicates a dual-mode beat pulse generating
section, reference numeral 5 indicates a binary NRZ dig-
ital signal source, reference numeral 6 indicates an elec-
tric partial response encoding section, reference numer-
al 7 indicates an optical modulating section, reference
numeral 8 indicates an optical filtering section, and ref-
erence numeral 9 indicates an optical receiver.
[0115] As shown in Fig. 1, the optical transmission
system according to the present embodiment has the
optical transmitter 1 for transmitting an optical signal
modulated using an electric partial response encoded
signal, and the optical receiver 9 for receiving the optical
signal transmitted from the optical transmitter 1.
[0116] The pulse light source driving section 3 in the
optical transmitter 1 receives a clock signal in synchro-
nism with the system clock source 2 which is connected
to the binary NRZ digital signal source 5, and generates
and outputs a driving clock signal for driving the dual-
mode beat pulse generating section 4.
[0117] The dual-mode beat pulse generating section
4 receives the above driving clock signal, and generates
two longitudinal mode optical signals which are sepa-
rated from each other by a transmission speed (or rate)
B and outputs a dual-mode beat pulse signal in synchro-
nism with the binary NRZ encoded signal generated by
the binary NRZ digital signal source 5, where the repe-
tition rate of the dual-mode beat pulse signal is "n 3 B"
(n is a natural number, and B is the transmission speed).
[0118] In the electric partial response encoding sec-
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tion 6, the binary NRZ encoded signal generated in the
binary NRZ digital signal source 5 is converted into an
electric partial response encoded signal. In the optical
modulating section 7, the dual-mode beat pulse signal
input from the dual-mode beat pulse generating section
4 is modulated according to the electric partial response
encoded signal, so as to generate a binary optical mod-
ulated signal.
[0119] The optical filtering section 8 removes only
higher harmonics generated in the optical modulated
spectra of the above dual-mode beat pulse signal. The
optical filtering section 8 may also have a wavelength-
division multiplexing function.
[0120] Below, examples of the structure and opera-
tion of the optical transmitter shown in Fig. 1 will be ex-
plained.

Example 1

[0121] Figs. 2A and 2B are block diagrams showing
the general structure of the optical transmitter as a first
example.
[0122] In the figures, reference numeral 2 indicates a
system clock source, reference numeral 3 indicates a
pulse light source driving section, reference numeral 31
indicates a 1/2 frequency-dividing circuit, and reference
numeral 32 indicates a drive circuit.
[0123] Reference numeral 4 indicates a dual-mode
beat pulse generating section, reference numeral 41 in-
dicates an MZ (Mach-Zehnder) optical intensity modu-
lator, and reference numeral 42 indicates a CW (contin-
uous wave) laser (light) source.
[0124] Reference numeral 5 indicates a binary NRZ
digital signal source, reference numeral 6 indicates an
electric partial response encoding section, reference
numeral 61 indicates a pre-coder, reference numeral 62
indicates a logical inversion circuit, reference numeral
63 indicates an exclusive OR (EX-OR) circuit, reference
numeral 64 indicates a 1-bit delay circuit, reference nu-
meral 65 indicates a differential converter, reference nu-
meral 66 indicates an amplifying circuit, reference nu-
meral 67 indicates a low-pass filter (LPF), reference nu-
meral 67A indicates a 1-bit delay circuit, and reference
numeral 67B indicates an adder (see Fig. 2B).
[0125] Reference numeral 7 indicates an optical mod-
ulating section, reference numeral 71 indicates an MZ
optical intensity modulator, reference numeral 8 indi-
cates an optical filtering section, reference numeral 81
indicates an optical amplifier, and reference numeral 82
indicates an optical band-pass filter.
[0126] Also in Fig. 2A, reference symbol P1 indicates
a single mode optical signal, reference symbol P2 indi-
cates a dual-mode beat pulse optical signal, reference
symbol P3 indicates a binary NRZ encoded signal, ref-
erence symbol P4 indicates an inverted NRZ encoded
signal, reference symbol P5 indicates a binary NRZ pre-
coder differential output signal, reference symbol P6 in-
dicates an electric duobinary encoded signal, and refer-

ence symbols P7 and P8 indicate binary RZ modulated
signals according to the present invention.
[0127] Figs. 3A to 6D are diagrams for explaining the
operation of the optical transmitter (of Example 1) in the
relevant optical transmission system. According to
these figures, the operation of the optical transmitter (as
shown in Fig. 2A) of Example 1 will be explained.
[0128] In the optical transmitter of Example 1, a duo-
binary encoded signal is used as the above-described
electric partial response encoded signal, and the MZ op-
tical intensity modulator 41 is used in the dual-mode
beat pulse generating section 4, and the frequency in-
terval between the two longitudinal modes is equal to
the transmission speed B.
[0129] The clock signal of frequency B (correspond-
ing to the transmission speed) generated in the system
clock source 2 is input into the 1/2 frequency-dividing
circuit 31 in the pulse light source driving section 3, so
that a 1/2 frequency-divided signal having a frequency
of B/2 is generated by the 1/2 frequency-dividing circuit
31. This 1/2 frequency-divided signal is amplified in the
drive circuit 32 to an approximately half-wave voltage
Vπ (the driving voltage necessary for changing the trans-
mittance of the optical signal by 0 to 100 %) of the MZ
optical intensity modulator 41, and then is differentially
output to the dual-mode beat pulse generating section 4.
[0130] In the dual-mode beat pulse generating sec-
tion 4, a single mode optical signal P1 having an optical
carrier frequency f0 (refer to Figs. 3A and 3B) generated
in the CW laser source 42 is modulated by the MZ optical
intensity modulator 41, according to the above 1/2 fre-
quency-divided signal which is differentially output from
the pulse light source driving section 3, where the MZ
optical intensity modulator 41 is a push-pull type which
is DC-biased so as to have "0" transmission character-
istics (namely, transmission null point). Accordingly, a
dual-mode beat pulse optical signal P2 having a fre-
quency interval of B is generated (see Figs. 3C, 3D, and
3E).
[0131] Here, Fig. 3C shows a temporal waveform of
the dual-mode beat pulse optical signal P2, Fig. 3D
shows a directly-detected waveform corresponding to
Fig. 3C, and Fig. 3E shows relevant optical spectra. As
shown in Fig. 3C, the dual-mode beat pulse optical sig-
nal P2 corresponds to an optical pulse sequence having
a repetition frequency of B, where the optical phase is
inverted by π for every bit. When a Fourier transform is
applied to this signal, two longitudinal modes "a" and "b"
having a frequency difference of B (i.e., corresponding
to the transmission speed) are respectively generated
at optical frequencies f0 - B/2 and f0 + B/2, as shown in
Fig. 3E.
[0132] The electric partial response encoding section
6 functions as a duobinary encoding circuit, that is, re-
ceives a binary NRZ encoded signal from the binary
NRZ digital signal source 5 in synchronism with the sys-
tem clock source 2, and outputs an electric duobinary
encoded signal.
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[0133] A binary NRZ encoded signal P3 (see Fig. 4A)
input from the binary NRZ digital signal source 5 is log-
ically inverted in the logical inversion circuit 62 (see the
inverted NRZ encoded signal P4 shown in Fig. 4B). This
inverted encoded signal is converted by a pre-coder 61
having an exclusive OR (EX-OR) circuit 63 and a 1-bit
delay circuit 64 (i.e., a 1-time slot delay for data having
a transmission speed B) into a binary NRZ pre-coder
output signal. After that, a binary pre-coder output signal
P5 (see Fig. 4C) is differentially output from the differ-
ential converter 65.
[0134] The binary pre-coder differential output signal
P5 output from the differential converter 65 is amplified
by the amplifying circuit 66, and is then input into the
LPF 67 having a 3 dB band of B/4, so that a three-level
complementary electric duobinary encoded signal P6 is
obtained (see Fig. 4E).
[0135] A logically equivalent circuit of LPF 67 is a pre-
coder consisting of a 1-bit delay circuit 67A and an adder
67B (see Fig. 2B), so that it is obvious that the signal P6
is equal to the sum of a binary NRZ pre-coder output
signal P5a and a 1-bit delayed binary NRZ pre-coder
output signal P5b (see Figs. 4C and 4D).
[0136] In the optical modulating section 7, the above
dual-mode beat pulse optical signal P2 is modulated by
the push-pull type MZ optical intensity modulator 71 ac-
cording to the three-level complementary electric duob-
inary encoded signal P6, thereby obtaining a binary RZ
modulated signal P7 (see Fig. 5A).
[0137] The above two longitudinal modes generated
by the dual-mode beat pulse generating section 4 are
each duobinary-modulated in the optical modulating
section 7, so that the line spectra at optical frequencies
f0 - B/2 and f0 + B/2 as shown in Fig. 3E disappear, and
the two optical duobinary encoded signal spectra, each
having a frequency band of B, are generated around two
center points of f0 - B/2 and f0 + B/2, as shown in Fig.
5C. Therefore, the total signal bandwidth is 2B. When
this signal is temporally observed, the two optical duo-
binary encoded signals interfere with each other, and
thus an RZ waveform as shown in Fig. 5A is formed.
Fig. 5B is a corresponding directly-detected waveform.
[0138] Different from the present Example 1, the op-
tical phases of the conventional optical pulse signals (as
shown in Figs. 40A to 41B) are the same. Therefore, in
the Fourier transform of such a conventional optical
pulse sequence signal, modes corresponding to clock
components are generated at points away from the car-
rier (f0) component by B (transmission speed). When the
three modes shown are modulated using a general NRZ
encoded signal, each mode is modulated by an NRZ en-
coded signal having a bandwidth of 2B, so that the total
bandwidth is 4B.
[0139] Therefore, the band occupied by the optically
modulated spectra of the RZ encoded signal generated
by the optical transmitter of the present Example 1 can
be halved in comparison with the conventional RZ en-
coded signal.

[0140] Additionally, as is obviously understood from
Fig. 5A, the temporal waveform of the binary RZ modu-
lated signal P7 corresponds to an RZ encoded signal in
which the electric field strength (i.e., light intensity) be-
comes 0 at regular intervals of each time slot. In the
present Example 1, the two longitudinal modes "a" and
"b" as shown in Fig. 3E are each optical-duobinary-mod-
ulated, so that the line spectra at optical frequencies f0
- B/2 and f0 + B/2 as shown in Fig. 3E disappear, and
no line spectrum having a high spectral density is
present in the optically modulated spectra. Accordingly,
under the same conditions of the average (optical) fiber
input (or launched) power, the binary RZ modulated sig-
nal of the present example has 1/2 the spectral density
in comparison with that of the conventional optical duo-
binary encoded signal; thus, the allowable fiber input
power with respect to the effect of the stimulated
Brillouin scattering can be improved by 3 dB.
[0141] When the MZ optical intensity modulator is
used, the percentage of modulation is typically set to
100% or the like and each driving amplitude is set equal
to the half-wave voltage, so as to obtain the necessary
output power of the MZ optical intensity modulator 71.
In this case, according to the non-linear response char-
acteristics of the MZ optical intensity modulator, higher
harmonics may be included in the dual-mode beat pulse
optical signal P2, as shown in Figs. 6A and 6B. Such
higher harmonics can be removed (see Fig. 6D) by us-
ing an optical band-pass filter 82 having the transmit-
tance characteristics with respect to the center optical
frequency f0 as shown in Fig. 6C.
[0142] In addition to the provision of the optical am-
plifier 81 for amplifying the output from the optical mod-
ulating section 7, the above-explained optical band-
pass filter 82 may be provided (i) at the output port of
the optical modulating section 7, and/or (ii) between the
output port of the dual-mode beat pulse generating sec-
tion 4 and the input port of the optical modulating section
7.
[0143] Figs. 7 to 8D are diagrams for explaining the
function and effect of the optical transmission system
related to Example 1, which show the results of a com-
puter simulation of dependency of the chromatic disper-
sion tolerance on the fiber input power, where the toler-
ance allows a degradation level of 1 dB of the eye open-
ing of the optical modulated signal. The results are
shown in comparison with results related to the conven-
tional optical duobinary encoded signal.
[0144] As shown in Fig. 7, the transmission fiber used
in the simulation is a 200 km fiber transmission path in-
cluding two dispersion shift fibers (DSFs) optically and
directly coupled with each other via a repeater, each
having a length of 100 km and having "0" dispersion at
1.55 µm. The dispersion compensation is performed us-
ing a dispersion compensating fiber (DCF) in each sec-
tion, and the output power P0 of each repeater 10 is si-
multaneously varied. In addition, the transmission
speed is 40 Gbits/s, the line loss is 0.2 dB/km, and the
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dispersion (value) is +2 ps/nm/km.
[0145] Under the above structural conditions, in Figs.
8A to 8D, the horizontal line indicates the total disper-
sion of the above DSF and DCF, and each graph shows
the dependency of the chromatic dispersion tolerance
(of each encoded signal) on the output power of the re-
peater when the total dispersion is changed by changing
the DCF. Fig. 8A relates to the binary RZ modulated sig-
nal P7 of Example 1, Fig. 8B relates to the conventional
NRZ encoded signal, Fig. 8C relates to the conventional
RZ encoded signal, and Fig. 8D relates to the conven-
tional optical duobinary encoded signal.
[0146] As clearly shown by the figures, under the con-
dition of a fiber input power of approximately 0 dBm (by
which the optical non-linear effects can be neglected),
the chromatic dispersion tolerance of the binary RZ
modulated signal as shown in Fig. 8A is 125 ps/nm,
which is a similar level to that of the conventional NRZ
encoded signal as shown in Fig. 8B (i.e., 135 ps/nm),
twice as much as that of the conventional RZ encoded
signal as shown in Fig. 8C (i.e., 56 ps/nm), and approx-
imately 1/4 as much as that of the conventional optical
duobinary encoded signal as shown in Fig. 8D (i.e., 460
ps/nm).
[0147] When the fiber input power P0 of repeater 10
is 8 dBm or more (in that region, the optical non-linear
effects in the optical fiber cannot be neglected), the wide
dispersion tolerance of the duobinary encoded signal is
considerably degraded, as shown in Figs. 8A to 8D, and
thus the optimum dispersion compensation value is
shifted to the anomalous dispersion side. The fiber input
power Pd (indicated by "s" in the figures) for allowing a
penalty of 1 dB in the "0" dispersion region (in which the
dispersion compensation can be easily performed) is
6.2 dBm in the conventional NRZ encoded signal (see
Fig. 8B), 8.2 dBm in the conventional RZ encoded signal
(see Fig. 8C), and 5.8 dBm in the conventional optical
duobinary encoded signal (see Fig. 8B). Therefore, se-
vere limitations are imposed in each case.
[0148] In contrast, in the binary RZ modulated signal
P7 (see Fig. 8A) according to Example 1, the power Pd
is +12 dBm or more, thereby improving the tolerance of
the fiber input power Pd.
[0149] Additionally, when the power P0 (of repeater
10) is approximately less than 8 dBm, the change of the
dispersion tolerance of the binary RZ modulated signal
of Example 1 is not large, as shown in Fig. 8A; thus, the
optimum dispersion value D is not shifted to the anom-
alous dispersion side (i.e., D > 0), and the design of the
dispersion compensation is easy.
[0150] For example, in order to design the dispersion
compensation of a system for outputting a high power
(up to 8 dBm) from the repeater in the case of using a
conventional encoded signal, the amount of dispersion
compensation must be designed under the condition
that the optimum total dispersion D ≠ 0, where the opti-
mum value D is shifted depending on the conditions re-
lated to the loss of the transmission path or to the dis-

persion. It is difficult to calculate and determine such an
optimum value by using a conventional dispersion
measurement device.
[0151] In contrast, if the binary RZ modulated signal
of Example 1 is used, the amount of the dispersion com-
pensation can be designed under a simple condition that
the total dispersion D is 0 within a range of the repeater
output power of 0 dBm or less, where the optical non-
linear effects can be neglected in this range. More spe-
cifically, the amount of dispersion of the transmission
path (i.e., DSF in the present case) is measured using
a known dispersion measurement device, and the
amount of dispersion of the relevant DCF is determined
so as to make the total dispersion (including that of DCF)
D equal to 0. As a result, the fiber input power for allow-
ing the 1 dB penalty is increased to +8 dBm or more,
and a wide dispersion tolerance of 100 ps/nm or more
can also be obtained. Therefore, an optical amplifier re-
peater system having a high repeater-output power for
preventing the degradation of the S/N ratio of the total
system can be realized by a simple design of the dis-
persion compensation.
[0152] As explained above, according to the above
Example 1, a single mode optical signal is modulated
into a dual-mode beat pulse optical signal having a fre-
quency interval of B, and then is further modulated using
an electric duobinary encoded signal, thereby realizing
an optical transmission system having a wide chromatic
dispersion tolerance, where the dispersion compensa-
tion of the system can be easily designed, and the lim-
itation of the fiber input power is reduced.

Example 2

[0153] Figs. 9A and 9B are block diagrams showing
the general structure of a second example of the optical
transmitter employed in the optical transmission system
in the present embodiment. In Fig. 9A, reference numer-
al 33 indicates a drive circuit, and reference numeral 43
indicates a (dual-mode oscillation) mode-locked laser.
The distinctive feature of the present optical transmitter
in comparison with the above Example 1 is to use the
mode-locked laser 43 as the dual-mode beat pulse gen-
erating section 4.
[0154] The pulse light source driving section 3 of this
Example 2 receives a clock signal of frequency B (i.e.,
corresponding to the transmission speed) from the sys-
tem clock source 2, and amplifies the clock signal of fre-
quency B so as to have a synchronous voltage Vs of the
mode-locked laser through the use of the drive circuit
33.
[0155] In the dual-mode beat pulse generating sec-
tion 4, the mode-locked laser 43 is mode-lock-modulat-
ed by using the frequency B of the clock signal, so that
a dual-mode beat pulse optical signal P2 having a fre-
quency interval of B is generated.
[0156] The electric partial response encoding section
6 receives a binary NRZ encoded signal P3 from the
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binary NRZ digital signal source 5 in synchronism with
the system clock source 2, and outputs an electric duo-
binary encoded signal, so that a three-level complemen-
tary electric duobinary encoded signal P6 is generated
according to an operation similar to that of the above
Example 1. Therefore, detailed explanations are omit-
ted here.
[0157] In the optical modulating section 7, the push-
pull type MZ optical intensity modulator 71 modulates
the dual-mode beat pulse optical signal P2 output from
the mode-locked laser 43 according to the three-level
complementary electric duobinary encoded signal P6,
so that a converted binary RZ modulated signal P7 is
obtained.
[0158] Also in Example 2, higher harmonics may be
included in the dual-mode beat pulse optical signal P2,
as in the above Example 1. Such higher harmonics can
be removed (see Fig. 6D) by using an optical band-pass
filter 82 having the transmittance characteristics with re-
spect to the center optical frequency f0 as shown in Fig.
6C. In addition to the provision of the optical amplifier
81 for amplifying the output from the optical modulating
section 7, the above-explained optical band-pass filter
82 may be provided (i) at the output port of the optical
modulating section 7, and/or (ii) between the output port
of the dual-mode beat pulse generating section 4 and
the input port of the optical modulating section 7.
[0159] As explained above, according to Example 2,
a dual-mode beat pulse optical signal having a frequen-
cy interval of B is directly output by the mode-locked la-
ser, and then is further modulated using an electric du-
obinary encoded signal, thereby realizing an optical
transmission system having a wide chromatic disper-
sion tolerance, where the dispersion compensation of
the system can be easily designed, and the limitation of
the fiber input power is reduced.
[0160] In addition, by using the mode-locked laser 43
as the dual-mode beat pulse generating section 4, one
of the MZ optical intensity modulators can be omitted in
comparison with Example 1, thereby reducing the loss
caused by insertion of MZ optical intensity modulators,
and improving the optical S/N ratio of the transmitted
signal.

Example 3

[0161] Figs. 10A and 10B are block diagrams showing
the general structure of a third example of the optical
transmitter employed in the optical transmission system
in the present embodiment. The distinctive feature of the
present optical transmitter in comparison with the above
Example 1 is to use the mode-locked laser 43 as the
dual-mode beat pulse generating section 4, and to per-
form sub-harmonic mode locking, which is a mode-lock-
ing operation of optical pulse repetition frequency B by
using a 1/m (m is a natural number) frequency-divided
signal with respect to the optical pulse repetition fre-
quency B.

[0162] The pulse light source driving section 3 in Fig.
10A receives a clock signal of frequency B (i.e., corre-
sponding to the transmission speed) from the system
clock source 2, and the clock signal is converted into a
1/2 frequency-divided signal having a frequency of B/2
by the 1/2 frequency-dividing circuit 31. The 1/2 frequen-
cy-divided signal is amplified to have a synchronous
voltage Vs of the mode-locked laser 43 through the use
of the drive circuit 33.
[0163] Also in the present Example 3, a three-level
complementary electric duobinary encoded signal P6 is
generated according to an operation similar to that of
the above Example 1; the dual-mode beat pulse optical
signal P2 is modulated according to the three-level com-
plementary electric duobinary encoded signal P6, so
that a converted binary RZ modulated signal P7 is ob-
tained.
[0164] Also in Example 3, higher harmonics may be
included in the dual-mode beat pulse optical signal P2,
as in the above Example 1. Such higher harmonics can
be removed by using an optical band-pass filter 82 hav-
ing the transmittance characteristics with respect to the
center optical frequency f0. In addition to the provision
of the optical amplifier 81 for amplifying the output from
the optical modulating section 7, the above-explained
optical band-pass filter 82 may be provided (i) at the out-
put port of the optical modulating section 7, and/or (ii)
between the output port of the dual-mode beat pulse
generating section 4 and the input port of the optical
modulating section 7.
[0165] As explained above, according to Example 3,
a dual-mode beat pulse optical signal having a frequen-
cy interval of B is directly output by the mode-locked la-
ser, and then is further modulated using an electric du-
obinary encoded signal, thereby realizing an optical
transmission system having a wide chromatic disper-
sion tolerance, where the dispersion compensation of
the system can be easily designed, and the limitation of
the fiber input power is reduced, similar to Example 2.
[0166] In addition, by performing the mode-locking
operation of repetition frequency B by using a frequen-
cy-divided signal generated by the 1/2 frequency-divid-
ing circuit 31, the drive frequency of the mode-locked
laser can be reduced, so that a drive circuit of the dual-
mode beat pulse generating section 4 can be easily de-
signed.

Example 4

[0167] Figs. 11A and 11B are block diagrams showing
the general structure of a fourth example of the optical
transmitter employed in the optical transmission system
in the present embodiment. In Fig. 11A, reference nu-
meral 68 indicates a multiplier.
[0168] The distinctive feature of the present optical
transmitter is to provide an MZ optical intensity modula-
tor for realizing both the functions of the dual-mode beat
pulse generating section 4 and the optical modulating
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section 7, and to reduce excessive insertion loss such
as waveguide loss of each portion, or the like.
[0169] Figs. 12A to 14E are diagrams for explaining
the operation of the optical transmitter in the present Ex-
ample 4. According to Figs. 11A to 14E, the operation
of the optical transmitter of Example 4 will be explained.
[0170] The pulse light source driving section 3 re-
ceives a clock signal of frequency B (i.e., corresponding
to the transmission speed) from the system clock source
2, and the clock signal is converted to a 1/2 frequency-
divided signal having a frequency of B/2 by the 1/2 fre-
quency-dividing circuit 31. The 1/2 frequency-divided
signal is amplified by using the drive circuit 32, and is
differentially output as a 1/2 frequency-divided signal P9
as shown in Fig. 12A.
[0171] The electric partial response encoding section
6 functions as a duobinary encoding circuit, that is, re-
ceives a binary NRZ encoded signal P3 from the binary
NRZ digital signal source 5 in synchronism with the sys-
tem clock source 2, and outputs an electric duobinary
encoded signal.
[0172] The binary NRZ encoded signal P3 (see Fig.
12B) is logically inverted by the logical inversion circuit
62 (see the inverted NRZ encoded signal P4 shown in
Fig. 12C). This inverted encoded signal is converted by
a pre-coder 61 having an exclusive OR (EX-OR) circuit
63 and a 1-bit delay circuit 64 (i.e., a 1-time slot delay
for data having a transmission speed B) into a binary
NRZ pre-coder output signal. After that, a binary pre-
coder output signal P5 (see Fig. 12D) is differentially
output from the differential converter 65.
[0173] The binary pre-coder differential output signal
P5 output from the differential converter 65 is amplified
by the amplifying circuit 66, and is then input into the
LPF 67 having a 3 dB band of B/4, so that a three-level
complementary electric duobinary encoded signal P6 is
obtained (see Fig. 13A).
[0174] A logically equivalent circuit of LPF 67 is a pre-
coder consisting of a 1-bit delay circuit 67A and an adder
67B (see Fig. 11B), so that it is obvious that the three-
level complementary electric duobinary encoded signal
P6 is equal to the sum of a binary NRZ pre-coder output
signal P5a and a 1-bit delayed binary NRZ pre-coder
output signal P5b (see Figs. 12D and 12E).
[0175] In the multiplier 68, the three-level comple-
mentary electric duobinary encoded signal P6 is mixed
with the 1/2 frequency-divided signal P9 output from the
pulse light source driving section 3, so that a converted
three-level duobinary RZ electric signal P10 is obtained
(see Fig. 13B).
[0176] Fig. 13B shows an output waveform of the
three-level duobinary RZ electric signal P10. It is obvi-
ous that the three-level duobinary RZ electric signal P10
has a waveform obtained by multiplying the waveform
of the 1/2 frequency-divided signal P9 from the pulse
light source driving section 3, and the waveform of the
electric duobinary encoded signal P6.
[0177] Fig. 13C shows a baseband spectrum of the

three-level duobinary RZ electric signal P10. The above
1/2 frequency-divided signal P9 functions as a B/2 sub
carrier in the baseband, and the baseband signal spec-
trum of the three-level duobinary RZ electric signal P10
is obtained by modulating the 1/2 frequency-divided sig-
nal P9 by the electric duobinary encoded signal P6.
[0178] The three-level duobinary RZ electric signal
P10 is input as a differential output into the push-pull
type MZ optical intensity modulator 71 which is DC-bi-
ased so as to have "0" transmission characteristics
(namely, transmission null point), so that a single mode
optical signal P1 of optical carrier frequency f0 (refer to
Fig. 14B) from the CW laser source 42 is converted into
a binary RZ modulated signal P11 (see Fig. 14C).
[0179] Fig. 14C shows a temporal waveform of the bi-
nary RZ modulated signal P11, Fig. 14D shows a direct-
ly-detected waveform corresponding to Fig. 14C, and
Fig. 14E shows spectra of the binary RZ modulated sig-
nal P11.
[0180] As shown in Fig. 14C, the temporal waveform
of the binary RZ modulated signal P11 corresponds to
an RZ encoded signal in which the electric field strength
(i.e., light intensity) becomes 0 at regular intervals of
each time slot. The line spectrum (of the carrier) as
shown in Fig. 14B is modulated by the three-level duo-
binary RZ electric signal P10; thus, the line spectrum
disappears, and no line spectrum having a high spectral
density is present in the optically modulated spectra. Ac-
cordingly, under the same conditions of the average (op-
tical) fiber input power, the binary RZ modulated signal
of the present example has 1/2 the spectral density in
comparison with that of the conventional optical duobi-
nary encoded signal; thus, the allowable fiber input pow-
er with respect to the effect of the stimulated Brillouin
scattering can be improved by 3 dB.
[0181] Also in the present Example 4, higher harmon-
ics may be included as in the above Example 1. Such
higher harmonics can be removed by using an optical
band-pass filter 82 having the transmittance character-
istics with respect to the center optical frequency f0. In
addition to the provision of the optical amplifier 81 for
amplifying the output from the optical modulating sec-
tion 7, the above-explained optical band-pass filter 82
may be provided at the output port of the optical modu-
lating section 7.
[0182] As explained above, according to Example 4,
the single mode optical signal P1 is modulated using the
three-level duobinary RZ electric signal P10, which is
obtained by mixing the 1/2 frequency-divided signal P9
(generated using a clock signal having a frequency in-
terval of B) and the electric duobinary encoded signal
P6, thereby realizing an optical transmission system
having a wide chromatic dispersion tolerance, where the
dispersion compensation of the system can be easily
designed, and the limitation of the fiber input power is
reduced.
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Example 5

[0183] Fig. 15 is a block diagram showing the general
structure of a fifth example of the optical transmitter em-
ployed in the optical transmission system in the present
embodiment. In the figure, reference numeral 11 indi-
cates a wavelength-division multiplexed filter, reference
numerals 11A, 11B, 11C, ..., 11n indicate input ports,
and reference numeral 12 indicates an output port.
[0184] In the transmitter of this Example 5, the wave-
length-division multiplexed filter 11 is used as an optical
band-pass filter for removing unnecessary higher har-
monics generated in the dual-mode beat pulse gener-
ating section 4, and each removed component of the
higher harmonics does not function as a crosstalk com-
ponent in the other wavelength ports.
[0185] An arrayed waveguide grating filter may be
used as the wavelength-division multiplexed filter 11. An
MZ optical intensity modulator 41 as explained in Exam-
ple 1, or a mode-locked laser 43 as explained in Exam-
ples 2 and 3, may be used as the dual-mode beat pulse
generating section 4. In addition, a duobinary encoded
signal or a modified duobinary encoded signal may be
used as a partial response encoded signal.
[0186] Figs. 16A to 16C are diagrams for explaining
the operation of the optical transmitter of Example 5.
[0187] The optical transmission system related to Ex-
ample 5 comprises a plurality of optical transmitters, that
is, n optical transmitters from the first optical transmitter
1A to the nth optical transmitter In, and as shown in Fig.
16A, the optical carrier frequencies f0 to fn are respec-
tively assigned to the first to nth optical transmitters. Al-
so in this example, according to the operation explained
in the above Examples 1 to 4, a binary RZ modulated
signal is generated in each optical transmitter, and the
generated signal is input into the wavelength-division
multiplexed filter 11 having n input ports.
[0188] Regarding the transmittance characteristics
from each input port to the output port 12 of the wave-
length-division multiplexed filter 11, the transmittance
center of the band corresponds to the relevant carrier
frequency (f0, ..., fn), and the cut-off characteristics of
the optical band-pass filter are determined so as to re-
move only higher harmonics. When an arrayed
waveguide grating filter is used as the wavelength-divi-
sion multiplexed filter 11, if the free spectral range (FSR)
of the arrayed waveguide grating filter is set to be suffi-
ciently wider than the total band (B) of the optical signals
which are to be wavelength-division multiplexed, then
the removed higher harmonic components do not func-
tion as crosstalk components in the other channels in
the wavelength-division multiplexing operation.

Example 6

[0189] Figs. 17A and 17B are block diagrams showing
the general structure of a sixth example of the optical
transmitter employed in the optical transmission system

in the present embodiment. In Fig. 17A, reference nu-
meral 69A indicates a 1:2 bit interleave demultiplexing
circuit, and reference numeral 69B indicates a 2:1 bit
interleave multiplexing circuit.
[0190] Figs. 18A to 21E are diagrams for explaining
the operation of the optical transmitter in the present Ex-
ample 6. With reference to Figs. 17A to 21E, the oper-
ation of the optical transmitter of Example 6 will be ex-
plained. In this Example 6, a modified duobinary encod-
ed signal is used as the partial response encoded signal,
and an MZ optical intensity modulator 41 is used as the
dual-mode beat pulse generating section 4, and the fre-
quency interval between the two longitudinal modes is
B (i.e., transmission speed).
[0191] The pulse light source driving section 3 re-
ceives a clock signal of frequency B (i.e., corresponding
to the transmission speed) from the system clock source
2, and the clock signal is converted into a 1/2 frequency-
divided signal having a frequency of B/2 by the 1/2 fre-
quency-dividing circuit 31. The 1/2 frequency-divided
signal is amplified by the drive circuit 32 to an approxi-
mately half-wave voltage Vπ of the MZ optical intensity
modulator 41, and the amplified signal is then differen-
tially output.
[0192] In the dual-mode beat pulse generating sec-
tion 4, a single mode optical signal P1 (see Fig. 18A)
from the CW laser source 42 is modulated by the MZ
optical intensity modulator 41 according to a 1/2 fre-
quency-divided signal which is differentially output from
the pulse light source driving section 3, where the MZ
optical intensity modulator 41 is a push-pull type which
is DC-biased so as to have "0" transmission character-
istics (namely, transmission null point). Accordingly, a
dual-mode beat pulse optical signal P2 having a fre-
quency interval of B is generated (see Figs. 18B, 18C,
and 18D).
[0193] Here, Fig. 18B shows a temporal waveform of
the dual-mode beat pulse optical signal P2, Fig. 18C
shows a directly-detected waveform corresponding to
Fig. 18B, and Fig. 18D shows optical spectra relating to
Fig. 18B. The two longitudinal modes "a" and "b" are
respectively generated at optical frequencies f0 - B/2
and f0 + B/2. Therefore, the frequency difference be-
tween the two longitudinal modes is equal to the trans-
mission speed B.
[0194] The electric partial response encoding section
6 functions as a modified duobinary encoding circuit,
that is, receives a binary NRZ encoded signal P3 from
the binary NRZ digital signal source 5 in synchronism
with the system clock source 2, and outputs an electric
modified-duobinary encoded signal.
[0195] A binary NRZ encoded signal P3 (see Fig.
19A) is input into the 1:2 bit interleave demultiplexing
circuit 69A, so that the signal is divided into two binary
NRZ bit interleave demultiplexed signals P12a and
P12b each having a data rate (or speed) of B/2.
[0196] The two binary NRZ bit interleave demulti-
plexed signals P12a and P12b demultiplexed by the 1:
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2 bit interleave demultiplexing circuit 69A are each con-
verted by a pre-coder 61 into binary NRZ bit interleave
pre-coder output signals P13a and P13b (see Figs. 19D
and 19E), where the pre-coder 61 comprises exclusive
OR (EX-OR) circuits 63A and 63B and 1-bit delay cir-
cuits 64A and 64B (i.e., 1-time slot delays for data hav-
ing a transmission speed B/2). These signals P13a and
P13b are then input into the 2:1 bit interleave multiplex-
ing circuit 69B, and are multiplexed into a binary NRZ
modified duobinary pre-coder output signal P14 (see
Fig. 19F) having a data rate (or speed) of B.
[0197] The binary NRZ modified duobinary pre-coder
output signal P14 is differentially output by the differen-
tial converter 65. The binary NRZ pre-coder differential
output signal from the differential converter 65 is ampli-
fied by the amplifying circuit 66, and is then input into a
band-pass filter (BPF) 67' having a 3 dB band of B/4 and
a center frequency of B/4, so that a three-level comple-
mentary electric modified-duobinary encoded signal
P15 is obtained (see Fig. 19G).
[0198] A logically equivalent circuit of BPF 67' is a pre-
coder consisting of a 2-bit delay circuit 67C (i.e., a 2-time
slot delay for data having a transmission speed B), a
logical inversion circuit 67D, and an adder 67B (see Fig.
17B).
[0199] In the optical modulating section 7, the above
dual-mode beat pulse optical signal P2 is modulated by
the push-pull type MZ optical intensity modulator 71 ac-
cording to the three-level complementary electric mod-
ified-duobinary encoded signal P15, thereby obtaining
a binary RZ modulated signal P16 (see Fig. 20A).
[0200] Fig. 20A shows a temporal waveform of the bi-
nary RZ modulated signal P16, Fig. 20B shows a direct-
ly-detected waveform corresponding to Fig. 20A, and
Fig. 20C shows optically modulated spectra corre-
sponding to Fig. 20A.
[0201] As shown by Fig. 20A, the temporal waveform
of the binary RZ modulated signal P16 corresponds to
an RZ encoded signal in which the electric field strength
(i.e., light intensity) becomes 0 at regular intervals of
each time slot. The two longitudinal modes "a" and "b"
as shown in Fig. 18D are each optically modified-duob-
inary-modulated; thus, line spectra at optical frequen-
cies of f0 - B/2 and f0 + B/2 disappear, and no line spec-
trum having a high spectral density is present in the op-
tically modulated spectra. Accordingly, under the same
conditions of the average (optical) fiber input power, the
binary RZ modulated signal of the present example has
1/4 the spectral density in comparison with that of the
conventional optical duobinary encoded signal; thus,
the allowable fiber input power with respect to the effect
of the stimulated Brillouin scattering can be improved by
6 dB.
[0202] Also in the present Example 6, higher harmon-
ics may be included in the dual-mode beat pulse optical
signal P2, as in the above Examples 1 and 2. A method
of removing such unnecessary higher harmonic compo-
nents will be explained with reference to Figs. 21A to

21E.
[0203] Figs. 21A, 21B, 21C, and 21E respectively
show optically modulated spectra of signals P1, P2,
P16, and P17 shown in Fig. 17A. Due to the nonlinear
response characteristics of the MZ optical intensity
modulator 41 in Fig. 17A, higher harmonic components
such as "c" and "d" shown in Fig. 21B are included in
the dual-mode beat pulse optical signal P2, and each
component is modulated using a modified duobinary en-
coded signal by the optical modulating section 7. As a
result, the generated optically-modulated spectra of the
present example include unnecessary higher harmonic
components in frequency regions of "f < F0 - B" and "f>
F0 + B".
[0204] Such higher harmonic components can be re-
moved (see Fig. 21E) by using an optical band-pass fil-
ter having the transmittance characteristics (see Fig.
21D) of a 3 dB band of 2B with respect to the center
optical frequency f0 (see Fig. 21 A). Such an optical
band-pass filter may be provided (i) at the output port of
the optical modulating section 7, and/or (ii) between the
output port of the dual-mode beat pulse generating sec-
tion 4 and the input port of the optical modulating section
7.
[0205] As explained above, according to the above
Example 6, a single mode optical signal is modulated
into a dual-mode beat pulse optical signal having a fre-
quency interval of B, and then is further modulated using
a modified duobinary encoded signal, thereby realizing
an optical transmission system having a wide chromatic
dispersion tolerance, where the dispersion compensa-
tion of the system can be easily designed, and the lim-
itation of the fiber input power is reduced.
[0206] In addition, according to the modulation using
a modified duobinary encoded signal as in the present
Example 6, the effect of the stimulated Brillouin scatter-
ing can be much more reduced.

Second embodiment

Example 1

[0207] Fig. 22 is a block diagram showing the general
structure of a first example of the optical transmission
system (an optical transmitter and an optical receiver)
in the second embodiment according to the present in-
vention.
[0208] In the figure, the present optical transmission
system comprises an optical transmitter 101 for convert-
ing an optical duobinary encoded signal into a carrier-
suppressed RZ optical duobinary encoded signal and
transmitting the converted signal, and an optical receiv-
er 102 for receiving the carrier-suppressed RZ optical
duobinary encoded signal transmitted via an optical
transmission medium 103 while dividing the bands of
the received signal.
[0209] The optical receiver 101 comprises an optical
duobinary encoded signal generating section 170 for
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generating a known optical duobinary encoded signal,
and an optical modulating section 110 for converting the
generated optical duobinary encoded signal into a car-
rier-suppressed RZ optical duobinary encoded signal by
adding an alternating phase difference to the optical du-
obinary encoded signal.
[0210] A silica optical fiber such as a dispersion shift
fiber (DSF) or a single mode fiber with a zero dispersion
wavelength of 1.3 µm band may be used as the optical
transmission medium 103. The optical transmission me-
dium 103 may include an optical fiber amplifier (i.e., op-
tical repeater).
[0211] The optical receiver 102 comprises a band di-
viding section 120 for separating two optical duobinary
components (i.e., partial response components) in the
spectra of the transmitted carrier-suppressed RZ optical
duobinary encoded signal, and an optical receiving sec-
tion 180 for receiving one or both of the two optical du-
obinary components.
[0212] An optical band-pass filter having a dielectric
multi-layered structure or the like, an optical filter includ-
ing a Mach-Zehnder interferometer formed using an op-
tical fiber or an optical waveguide, or an arrayed-
waveguide grating (AWG) type filter, may be used as the
band dividing section 120.
[0213] As shown in Fig. 42, the optical receiving sec-
tion 180 comprises an optical detection circuit 181, a de-
cision circuit 182, and an inversion circuit 183. The op-
tical receiving section 180 performs the photoelectric
conversion, regeneration, and logical inversion of the
optical duobinary component(s) having divided band(s),
so as to regenerate the original binary data signal. The
inversion circuit 183 may be omitted depending on the
structure of an encoded signal conversion circuit 171 of
the optical duobinary encoded signal generating section
170.
[0214] Each of Figs. 23A and 23B shows a structure
of the optical transmitter 101; Fig. 23A shows a first ex-
ample of the optical transmitter 101, and Fig. 23B shows
a second example of the optical transmitter 101.

First example of optical transmitter 101

[0215] In Fig. 23A, the optical duobinary encoded sig-
nal generating section 170 comprises an encoded sig-
nal conversion circuit 171, a (polarity) inversion circuit
172, amplitude control circuits 173-1 and 173-2, a dual-
electrode MZ optical intensity modulator 174, and a CW
(continuous-wave) light source 175. The optical duobi-
nary encoded signal generating section 170 converts an
input binary data signal (i.e., binary signal as input in a
conventional structure) into a three-level duobinary en-
coded signal through the use of the encoded signal con-
version circuit 171, and generates an optical duobinary
encoded signal by push-pull driving the MZ optical in-
tensity modulator 174.
[0216] The optical modulating section 110 comprises
a dual-electrode MZ optical intensity modulator 111,

which is push-pull driven using a clock signal CLK (hav-
ing, for example, a sinusoidal waveform) which has a
frequency half as much as the bit rate of the optical du-
obinary encoded signal generated by the optical duob-
inary encoded signal generating section 170, so that a
carrier-suppressed RZ optical duobinary encoded sig-
nal is generated.
[0217] Below, with reference to Figs. 24A to 25C, the
operation of the present example will be explained. First,
the optical duobinary encoded signal generating section
170 generates an optical duobinary encoded signal (see
reference symbol "a" in Fig. 24A) having a band approx-
imately half as wide as that of a generally known NRZ
encoded signal. Fig. 24B shows an optical waveform (i.
e., eye pattern) and relevant optical spectra obtained by
a computer simulation.
[0218] This optical duobinary encoded signal is input
into the optical modulating section 110, that is, into the
MZ optical intensity modulator 111, where the optical du-
obinary encoded signal is modulated by push-pull driv-
ing the MZ optical intensity modulator by using a syn-
chronous clock signal (CLK). Accordingly, a converted
carrier-suppressed RZ optical duobinary encoded sig-
nal (refer to reference symbol "b" in Fig. 24A) is ob-
tained.
[0219] In the above operation, (i) the driving point is
positioned at a voltage where the transmittance in the
non-modulation state is minimum, and (ii) the frequency
of the driving clock signal is half as much as the bit rate
of the optical duobinary encoded signal generated in the
previous stage. In addition, the driving amplitude is 1 to
3 times as much as that of Vπ (the driving voltage nec-
essary for changing the transmittance of the optical sig-
nal by 0 to 100 %) of the MZ optical intensity modulator
111. The MZ optical intensity modulator 111 driven under
the above-explained conditions has gate characteristics
for generating an RZ encoded signal which has alter-
nating phase characteristics. Figs. 25A to 25C are dia-
grams for explaining this feature.
[0220] Fig. 25A shows an optical duobinary encoded
signal output from the optical duobinary encoded signal
generating section 170 in the previous stage. The gate
phase condition for push-pull driving the MZ optical in-
tensity modulator 111 is determined as shown in Fig.
25B, based on the phase of the optical duobinary en-
coded signal. Accordingly, an RZ encoded signal having
an inter-bit phase difference pattern as shown in Fig.
25C is obtained, and this is the waveform of the carrier-
suppressed RZ optical duobinary encoded signal.
[0221] As described above, the MZ optical intensity
modulator 111 is push-pull driven using a clock signal of
a frequency half as much as the bit rate of the input op-
tical duobinary encoded signal. According to the period-
ic characteristics of this optical intensity modulator, the
repetition frequency of the obtained RZ pulse signal is
equal to the bit rate of the input optical duobinary en-
coded signal. The relevant optical waveform (i.e., eye
pattern) and optical spectra are shown in Fig. 24C. In
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this case, the driving voltage of the MZ optical intensity
modulator 111 is a sine wave having a peak-to-peak am-
plitude twice as much as that of Vπ of the MZ optical
intensity modulator 111. Here, a converted optical pulse
signal having a duty ratio of approximately 2/3 is ob-
tained.
[0222] According to the above conversion of an opti-
cal duobinary encoded signal into an RZ encoded sig-
nal, high tolerance with respect to the nonlinear optical
effects in the optical transmission medium 103 can be
obtained. In addition, in the obtained optical spectra, the
carrier component is suppressed, while two optical du-
obinary components are present.
[0223] The carrier-suppressed RZ optical duobinary
encoded signal transmitted through the optical trans-
mission medium 103 is input into the band dividing sec-
tion 120 of the optical receiver 102, where one of the
two optical duobinary components is chosen (refer to
reference symbol "c" in Fig. 24A). Fig. 24D shows the
obtained optical waveform (i.e., eye pattern) and optical
spectra.
[0224] According to the band dividing operation, an
optical waveform almost equivalent to an NRZ signal
can be obtained. Therefore, as shown by the solid line
in Fig. 43, it is possible to realize, with respect to high
fiber input power, high dispersion tolerance, and high
tolerance for the nonlinear optical effects in which the
optimum dispersion is always maintained in the vicinity
of 0.
[0225] If it is assumed that the transmitted carrier-
suppressed RZ optical duobinary encoded signal is re-
ceived without performing the band division, then the ef-
fect of the group velocity dispersion of the optical fiber
is imposed on the total band of the two duobinary com-
ponents; thus, the dispersion tolerance is reduced.

Second example of optical transmitter 101

[0226] The optical transmitter 101 in Fig. 22 may have
a structure as shown in Fig. 23B, in which continuous-
wave light output from the CW light source 175 is first
input into the optical modulating section 110 (i.e., MZ
optical intensity modulator 111) for generating an RZ en-
coded signal having an alternating phase state, and the
output light (i.e., optical signal) from the optical modu-
lating section 110 is input into the MZ optical intensity
modulator 174 so as to convert the output optical signal
into an optical duobinary encoded signal. That is, the
MZ optical intensity modulator 111 in the first stage is
push-pull driven using a clock signal (CLK), and the MZ
optical intensity modulator 174 in the second stage is
push-pull driven using duobinary encoded signals out-
put from the amplitude control circuits 173-1 and 173-2.
[0227] In this structure, a dual-mode oscillation mode-
locked laser may be used in place of the CW light source
175 and optical modulating section 110 (i.e., MZ optical
intensity modulator 111). In this case, the number of
structural elements can be reduced, thereby realizing a

simpler optical transmitter 101.

Example 2

[0228] Fig. 26 is a block diagram showing the general
structure of a second example of the optical transmis-
sion system (an optical transmitter) in the second em-
bodiment according to the present invention. The struc-
tures of the optical transmitter and optical receiver in this
example are the same as those of Example 1 shown in
Fig. 22; however, the frequency of the clock signal (CLK)
for driving the optical modulating section 110 (i.e., MZ
optical intensity modulator 111) in the optical transmitter
101 is different.
[0229] In Example 1, the frequency of the clock signal
(CLK) for driving the MZ optical intensity modulator 111
(functioning as the optical modulating section 110) is
half as much as the bit rate of the optical duobinary en-
coded signal generated by the optical duobinary encod-
ed signal generating section 170. Accordingly, given a
bit rate of N bits/s of the optical duobinary encoded sig-
nal, the frequency difference between the two optical
duobinary components of the generated carrier-sup-
pressed RZ optical duobinary encoded signal is N Hz,
as shown in Fig. 27A.
[0230] Generally, given a bit rate of N bits/s of the op-
tical duobinary encoded signal, the frequency for push-
pull driving the MZ optical intensity modulator 111 may
be mN/2 Hz (m is a positive integer). In this Example 2,
the MZ optical intensity modulator 111 is push-pull driv-
en using a clock signal (m = 2) having the same frequen-
cy as the bit rate of the optical duobinary encoded signal.
[0231] Accordingly, as shown in Fig. 27B, the frequen-
cy difference between the two optical duobinary compo-
nents of the generated carrier-suppressed RZ optical
duobinary encoded signal is twice (i.e., 2 NHz) as much
as that of Example 1. Therefore, when each duobinary
component is isolated by using the band dividing section
120 of the optical receiver 102, a sufficient margin with
respect to the center frequency and transmittance band
of the optical filter can be obtained, thereby easily real-
izing a stable operation.

Example 3

[0232] Fig. 28 is a block diagram showing the general
structure of a third example of the optical transmission
system (an optical receiver) in the second embodiment
according to the present invention. The structure of the
optical transmitter in this example is the same as that of
Example 1 or 2; however, the structure of the optical re-
ceiver is distinctive.
[0233] The optical receiver 102 of the present exam-
ple has a distinctive feature of comprising an optical re-
ceiving section 180a for receiving two optical duobinary
components whose bands have been divided by the
band dividing section 120. The optical receiving section
180a comprises two optical detection circuits 181-1 and
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181-2, an adder 184, a decision circuit 182, and an in-
version circuit 183.
[0234] The two optical detection circuits 181-1 and
181-2 may be formed using PIN-type photodiodes, and
have the same output polarity. The electric signals from
the two optical detection circuits are added by the adder
184, and the added signal is input into the decision cir-
cuit 182.
[0235] The operation of the present example will be
explained with reference to Fig. 29. The carrier-sup-
pressed RZ optical duobinary encoded signal transmit-
ted from the optical transmitter 101 is received via the
optical transmission medium 103 by the optical receiver
102, in which the received signal is divided into two op-
tical duobinary components by the band dividing section
120 to be separately output.
[0236] The two optical duobinary components are in-
dividually converted into electric signals by the optical
detection circuits 181-1 and 181-2. Here, it is assumed
that the output amplitudes of the optical detection cir-
cuits 181-1 and 181-2 are V1 and V2. The adder 184
adds the two electric signals, so that the amplitude of
the added signal is large, such as V1 + V2. Accordingly,
the input amplitude into the decision circuit 182 can be
large, thereby realizing a stable operation having a suf-
ficient operational margin.

Example 4

[0237] Fig. 30 is a block diagram showing the general
structure of a fourth example of the optical transmission
system (an optical receiver) in the second embodiment
according to the present invention. The structure of the
optical transmitter in this example is the same as that of
Example 1 or 2; however, the structure of the optical re-
ceiver is distinctive.
[0238] The optical receiver 102 of the present exam-
ple has a distinctive feature of comprising an optical re-
ceiving section 180b for receiving two optical duobinary
components whose bands have been divided by the
band dividing section 120. The optical receiving section
180a comprises two optical detection circuits 181-1 and
181-2, a subtracter 185, a decision circuit 182, and an
inversion circuit 183.
[0239] The two optical detection circuits 181-1 and
181-2 may be formed using PIN-type photodiodes, and
have different output polarities. The subtracter 185 per-
forms subtraction on the electric signals from the two
optical detection circuits, and the result is input into the
decision circuit 182.
[0240] The operation of the present example will be
explained with reference to Fig. 31. The carrier-sup-
pressed RZ optical duobinary encoded signal transmit-
ted from the optical transmitter 101 is received via the
optical transmission medium 103 by the optical receiver
102, in which the received signal is divided into two op-
tical duobinary components by the band dividing section
120 to be separately output.

[0241] The two optical duobinary components are in-
dividually converted into electric signals by the optical
detection circuits 181-1 and 181-2. Here, it is assumed
that the output amplitudes of the optical detection cir-
cuits 181-1 and 181-2 are V1 and V2. In addition, the
polarities of the two electric signals are opposite, that is,
one of them has positive polarity (i.e., a positive electric
potential is obtained when light is incident), while the
other has negative polarity (i.e., a negative electric po-
tential is obtained when light is incident).
[0242] The subtracter 185 performs subtraction on
the two electric signals, so that the amplitude of the sub-
tracted signal is large, such as V1 - V2 (see Fig. 31).
Accordingly, the input amplitude into the decision circuit
182 can be large, thereby realizing a stable operation
having a sufficient operational margin.

Example 5

[0243] Fig. 32 is a block diagram showing the general
structure of a fifth example of the optical transmission
system (an optical receiver) in the second embodiment
according to the present invention. The structure of the
optical transmitter in this example is the same as that of
Example 1 or 2; however, the structure of the optical re-
ceiver is distinctive.
[0244] The optical receiver 102 of the present exam-
ple has a distinctive feature of comprising optical receiv-
ing sections 180-1 and 180-2 for parallel-receiving two
duobinary components whose bands have been divided
in the band dividing section 120. Here, one of the optical
receiving sections is for active use, while the other is for
backup use. Each optical receiving section comprises
an optical detection circuit, a decision circuit, and an in-
version circuit.
[0245] The operation of each optical receiving section
is the same as that of the optical receiver 102 of Exam-
ple 1. That is, the two optical duobinary components
whose bands are divided by the band dividing section
120 are respectively received by the optical receiving
sections 180-1 and 180-2, so that if one of them is dam-
aged, the receiving operation can be performed using
the other optical receiving section, thereby improving
the stability and reliability of the system.

Example 6

[0246] Fig. 33 is a block diagram showing the general
structure of a sixth example of the optical transmission
system (an optical receiver) in the second embodiment
according to the present invention. The structure of the
optical transmitter in this example is the same as that of
Example 1 or 2; however, the structure of the optical re-
ceiver is distinctive.
[0247] The distinctive feature of optical receiver 102
is to control the band dividing circuit 120 by monitoring
the two optical duobinary components whose bands are
divided by the band dividing section 120. That is, a por-
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tion of each of the two optical duobinary components
whose bands are divided by the band dividing section
120 is isolated by a corresponding optical branch device
(121-1 or 121-2), and the optical powers (i.e., intensi-
ties) of the isolated portions are respectively measured
by optical power monitoring circuits 122-1 and 122-2.
[0248] A control circuit 123 controls the band dividing
section 120 so as to satisfy the conditions that the sum
of the two optical powers is a maximum while the differ-
ence of the two optical powers is a minimum. The band
dividing section 120 may be formed using an optical filter
including a Mach-Zehnder interferometer formed using
an optical fiber or an optical waveguide. Each of the op-
tical branch devices 121-1 and 121-2 may be formed
using an optical coupler of an optical fiber type, or an
optical beam splitter using a partial reflection mirror.
Each of the optical power monitoring sections 122-1 and
122-2 measures the optical power by using a photoe-
lectric conversion circuit or the like.
[0249] The optical receiving section 180c may have
(i) a structure similar to that of Example 1, in which only
one of the two optical duobinary components (whose
bands are divided) is received, (ii) a structure similar to
that of Example 3 or 4, in which the two optical duobinary
components are respectively converted into electric sig-
nals, and addition or subtraction of the two electric sig-
nals is performed, after which the result is input into the
decision circuit, and (iii) a structure similar to that of Ex-
ample 5, in which the two optical duobinary components
are respectively converted into electric signals, and one
of the converted electric signals is for active use, while
the other is for backup use.
[0250] If an arrayed-waveguide grating (AWG) type
filter is used as the band dividing section 120, the band
dividing section 120 is controlled so as to obtain the
maximum optical power of the sum of the two optical
duobinary components of the divided bands. This is be-
cause the frequency interval (i.e., grid interval) between
optical signals divided by the AWG filter is fixed, and it
is impossible to perform control which satisfies the con-
dition that the optical power of the difference between
the two optical duobinary components of the divided
bands is at a minimum. Therefore, if an AWG having a
grid interval which is equal to the bit rate of the carrier-
suppressed RZ optical duobinary encoded signal is
used, then one of the optical powers of the two optical
duobinary components may be monitored so as to have
a maximum value thereof.

Example 7

[0251] Fig. 34 is a block diagram showing the general
structure of a seventh example of the optical transmis-
sion system in the second embodiment according to the
present invention. In this example, a plurality of the
above-explained optical transmitters 101 and a plurality
of the above-explained optical receivers 102 are provid-
ed for each transmission wavelength, and a plurality of

carrier-suppressed RZ optical duobinary encoded sig-
nals of different wavelengths are wavelength-division
multiplexed and transmitted. Accordingly, the transmis-
sion capacity can be improved.
[0252] Each of the optical transmitters 101-1 to 101-n
comprises an optical duobinary encoded signal gener-
ating section 170 and an optical modulating section 110,
and generates a carrier-suppressed RZ optical duobi-
nary encoded signal having a specific wavelength (that
is, the optical transmitters 101-1 to 101-n output carrier-
suppressed RZ optical duobinary encoded signals hav-
ing different wavelengths).
[0253] The carrier-suppressed RZ optical duobinary
encoded signals of different wavelengths are multi-
plexed by an optical wavelength-division multiplexing
section 104, and the multiplexed optical signal is trans-
mitted via an optical transmission medium 103. This
transmitted optical signal is then demultiplexed by an
optical wavelength-division demultiplexing section 105
into carrier-suppressed RZ optical duobinary encoded
signals having corresponding wavelengths. The carrier-
suppressed RZ optical duobinary encoded signals are
respectively received by corresponding optical receiv-
ers 102-1 to 102-n. Each of the optical receivers 102-1
to 102-n comprises a band dividing section 120 and an
optical receiving section 180c.
[0254] The optical receiving section 180c may have
(i) a structure similar to that of Example 1, in which only
one of the two optical duobinary components (whose
bands are divided) is received, (ii) a structure similar to
that of Example 3 or 4, in which the two optical duobinary
components are respectively converted into electric sig-
nals, and addition or subtraction of the two electric sig-
nals is performed, after which the result is input into the
decision circuit, and (iii) a structure similar to that of Ex-
ample 5, in which the two optical duobinary components
are respectively converted into electric signals, and one
of the converted electric signals is for active use, while
the other is for backup use.

Example 8

[0255] Fig. 35 is a block diagram showing the general
structure of an eighth example of the optical transmis-
sion system (an optical transmitter) in the second em-
bodiment according to the present invention. The optical
transmitter 101 of the present example has a distinctive
feature of comprising an optical band restricting section
112 for suppressing unnecessary higher harmonic com-
ponents generated during the generation of the carrier-
suppressed RZ optical duobinary encoded signal. The
optical receiver has a structure as explained in either of
the above-explained examples.
[0256] The function and effect according to the
present example will be explained with reference to
Figs. 36A to 36C. When the optical modulating section
110 of the optical transmitter 110 generates a carrier-
suppressed RZ optical duobinary encoded signal, high-
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er harmonics are generated as shown in Fig. 36A.
[0257] The transmittable band of the optical band re-
stricting section 112 corresponds to the bandwidth of the
carrier-suppressed RZ optical duobinary encoded sig-
nal, as shown in Fig. 36B, thereby effectively suppress-
ing the higher harmonic components, as shown in Fig.
36C. Therefore, the efficiency of using bands in the
wavelength-division multiplexing operation can be im-
proved.
[0258] In the present wavelength-division multiplex-
ing system in the above Example 7, an arrayed-
waveguide grating (AWG) type filter may be used as the
optical wavelength-division multiplexing section 104,
and the transmittable bandwidth of the filter may be set
to be similar to that of the optical band restricting section
112 of Example 8, thereby simultaneously suppressing
the higher harmonic components of the carrier-sup-
pressed RZ optical duobinary encoded signal of each
wavelength.

Example 9

[0259] Figs. 44A to 44D are diagrams for explaining
the distinctive feature of a ninth example of the optical
transmission system (an optical receiver) in the second
embodiment according to the present invention.
[0260] The structure of the optical receiver of the
present example is the same as that of Example 1 or 2;
however, the crosstalk characteristics of the above-ex-
plained band dividing section are distinctive.
[0261] Fig. 44A shows RZ encoded signal spectra
with respect to a carrier frequency f0, generated accord-
ing to the present invention. As shown in the figure, two
optical duobinary components are generated around
two optical frequencies f0 - B/2 and f0 + B/2. The band
dividing section in the present example outputs one of
the two spectra of the optical duobinary encoded signal.
[0262] As shown in Fig. 44B, the band-pass frequen-
cy of the band dividing section is equal to one of the
center frequencies of the optical duobinary encoded sig-
nal spectra (for the case shown in Fig. 44B, this is f0 -
B/2). The present band dividing section has a suppres-
sion ratio (of the filter) R > 20 dB and a 3 dB band (i.e.,
half-width) of more than B/2, at a frequency fa away from
the band-pass frequency (i.e., f0 - B/2) by +B (B corre-
sponds to the transmission speed).
[0263] Fig. 44C shows spectra of the optical duobi-
nary encoded signal having bands divided by the above-
explained band dividing section. The figure clearly
shows that the suppression ratio R of a chosen (i.e., out-
put) optical duobinary component to a non-chosen com-
ponent can be 20 dB or more with respect to the center
frequencies of f0 ±B/2.
[0264] The band dividing section may be formed us-
ing a high-pass filter, a low-pass filter, or a band-pass
filter. Fig. 44D shows the characteristics of super Gaus-
sian band-pass filters of orders of 1 or more, each hav-
ing a half-width of B/2, and an actual (actually-used) flat-

top type AWG filter.
[0265] The transmission characteristics are indicated
by:

where m is a real number indicating the order of the su-
per Gaussian band-pass filter (abbreviated as "Gaus-
sian filter" hereinbelow). Here, the order m = 1 corre-
sponds to a Gaussian filter having a 3 dB band (i.e., half-
width) of B/2.
[0266] As shown in Fig. 44D, the Gaussian filter of an
order m = 1 cannot have a suppression ratio R > 20 dB
under the condition of a 3 dB band of B/2. In contrast,
the actual flat-top type AWG filter (see reference symbol
"AWG") and the Gaussian filters having an order m > 1
can have a suppression ratio R > 20 dB under the con-
dition of a 3 dB band of B/2.
[0267] Fig. 45 is a diagram for explaining the function
and effect of Example 9. The graph indicates the results
of a computer simulation of the dependency of the chro-
matic dispersion tolerance on the fiber input power of a
repeater when the order m of the Gaussian filter is varied
from 1 to 5. In the simulation, the wavelength of an op-
tical signal was 1.552 µm, and a 1.3 µm zero-dispersion
fiber having a length of 100 km was used, where the
chromatic dispersion at 1.552 µm was 17 ps/km/nm, and
the corresponding line loss was 0.2 dB/km. Also in the
simulation, a channel of the RZ signal according to the
present invention was transmitted without inline-repeat-
ers, the dispersion compensation was performed by us-
ing a DCF at the end of the receiving side, and only one
of the optical duobinary components was output using
the above-explained band dividing section having the
transmission characteristics as shown in Fig. 45 in the
receiver. In addition, the chromatic dispersion of the
DCF was varied, and thus the total dispersion was var-
ied. When the order m of the Gaussian filter is larger
than 1, the chromatic dispersion tolerance can be im-
proved to almost 200 ps/nm even if the fiber input power
is high such as +10 dBm.
[0268] The distinctive features of the present inven-
tion have been explained based on specific examples.
However, the present invention is not limited to each ex-
ample, and any modification is possible within the scope
and spirit of the claimed invention.

Claims

1. An optical transmission method for modulating an
optical signal having longitudinal modes based on
a partial response encoded signal and outputting
the modulated signal, comprising the steps of:

receiving a clock signal from a system clock
source (2);

T(f) = T0 exp {-(ln 2) · (2f/B)2m}
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modulating a single mode optical signal based
on the clock signal and generating an optical
pulse signal having two longitudinal modes, the
frequency interval between the two modes be-
ing n x B, where n is a natural number and B is
a transmission speed;
generating a partial response encoded signal
by converting a binary NRZ encoded signal out-
put from a digital signal source (5) in synchro-
nism with the system clock source; and
modulating the optical pulse signal having two
longitudinal modes based on the partial re-
sponse encoded signal, and outputting a binary
RZ modulated signal obtained by the modula-
tion.

2. An optical transmission method as claimed in claim
1, wherein the binary RZ modulated signal is output
after higher harmonic components thereof are re-
moved.

3. An optical transmission method as claimed in claim
1, wherein a duobinary encoded signal is used as
the partial response encoded signal.

4. An optical transmission method as claimed in claim
1, wherein a modified duobinary encoded signal is
used as the partial response encoded signal.

5. An optical transmitter comprising:

a system clock source (2) for generating a clock
signal;
a binary NRZ digital signal source (5) for gen-
erating a binary NRZ digital signal in synchro-
nism with the clock signal;
an electric partial response encoding section
(6) for receiving the binary NRZ digital signal
and generating an electric partial response en-
coded signal;
a dual-mode beat optical pulse generating sec-
tion (4) for generating an optical pulse signal
having two longitudinal modes, the frequency
interval between the two modes being n 3 B,
where n is a natural number, B is a transmission
speed, and the generated optical pulse signal
is in synchronism with the binary NRZ digital
signal;
a pulse light source driving section (3) for gen-
erating a signal for driving the dual-mode beat
optical pulse generating section, by using a
clock signal in synchronism with the clock sig-
nal generated by the system clock source; and
an optical modulating section (7) for modulating
the optical pulse signal having two longitudinal
modes based on the electric partial response
encoded signal, and outputting a binary RZ
modulated signal obtained by the modulation.

6. An optical transmitter as claimed in claim 5, wherein
the dual-mode beat optical pulse generating section
includes a Mach-Zehnder optical intensity modula-
tor (41).

7. An optical transmitter as claimed in claim 5, wherein
the dual-mode beat optical pulse generating section
includes a dual-mode oscillation mode-locked laser
(43).

8. An optical transmitter as claimed in claim 6, wherein
the Mach-Zehnder optical intensity modulator is a
push-pull type, and is driven by a clock signal which
has a frequency of n 3 B/2 and has an amplitude
equal to the half-wave voltage of the Mach-Zehnder
optical intensity modulator.

9. An optical transmitter as claimed in claim 5, wherein
the dual-mode beat optical pulse generating section
has an optical filter for removing higher harmonic
components included in the optical pulse signal
having two longitudinal modes.

10. An optical transmitter as claimed in claim 9, wherein
an arrayed-waveguide grating filter is used as the
optical filter for wavelength-division multiplexing the
generated signal.

11. An optical transmitter as claimed in claim 5, further
comprising an optical filtering section for removing
higher harmonic components included in the optical
signal modulated by the optical modulating section.

12. An optical transmitter as claimed in claim 5, wherein
the electric partial response encoded signal is a du-
obinary encoded signal.

13. An optical transmitter as claimed in claim 5, wherein
the binary RZ modulated signal is a carrier-sup-
pressed RZ optical duobinary encoded signal.

14. An optical receiver comprising:

a band dividing section (120) for receiving a bi-
nary RZ modulated signal transmitted from an
optical transmitter as claimed in claim 5, and
dividing two partial response components in-
cluded in the optical spectra of the received bi-
nary RZ modulated signal, and outputting one
or both of the divided partial response compo-
nents; and
an optical receiving section (180) for receiving
one or both of the divided partial response com-
ponents output from the band dividing section.

15. An optical receiver as claimed in claim 14, wherein
the two partial response components are optical du-
obinary components.
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16. An optical receiver as claimed in claim 14, wherein
the optical receiving section includes:

a photoelectric conversion section for convert-
ing the two partial response components into
electric signals; and
an adder (184) for adding the electric signals
so as to regenerate an original signal in the
transmission.

17. An optical receiver as claimed in claim 14, wherein
the optical receiving section includes:

a photoelectric conversion section for convert-
ing the two partial response components into
electric signals; and
a subtracter (185) for performing subtraction on
the electric signals so as to regenerate an orig-
inal signal in the transmission.

18. An optical receiver as claimed in claim 14, wherein
the optical receiving section individually receives
the two partial response components, and one of
the components is for backup use.

19. An optical receiver as claimed in claim 14, wherein
the optical receiving section monitors one of the op-
tical intensities of the two partial response compo-
nents, and controls the band dividing section so as
to satisfy the condition that the monitored optical
power is a maximum.

20. An optical receiver as claimed in claim 14, wherein
the optical receiving section monitors both of the op-
tical intensities of the two partial response compo-
nents, and controls the band dividing section so as
to satisfy the conditions that the sum of the two mon-
itored optical powers is a maximum while the differ-
ence of the two monitored optical powers is a min-
imum.

21. An optical receiver as claimed in claim 14, wherein
the band dividing section outputs only one of the
two partial response components, and has cross-
talk characteristics in which a suppression ratio of
the output component to the non-output component
is 20 dB or more.

22. An optical transmission system comprising an opti-
cal transmitter as claimed in claim 5 and an optical
receiver as claimed in claim 14 which are connected
via an optical transmission medium.

23. An optical transmission system comprising:

a plurality of optical transmitters (101-1,
101-2, ..., 101-n) as claimed in claim 5, for gen-
erating binary RZ modulated signals having dif-

ferent wavelengths;
an optical wavelength-division multiplexing
section (104) for wavelength-division multiplex-
ing the binary RZ modulated signals having dif-
ferent wavelengths, and outputting the wave-
length-division-multiplexed binary RZ modulat-
ed signal;
an optical transmission medium (103) for trans-
mitting the wavelength-division-multiplexed bi-
nary RZ modulated signal;
an optical wavelength-division demultiplexing
section (105) for receiving the wavelength-divi-
sion-multiplexed binary RZ modulated signal
transmitted via the optical transmission medi-
um, and wavelength-division demultiplexing
the received signal into binary RZ modulated
signals having different wavelengths; and
a plurality of optical receivers (102-1, 102-2, ...,
102-n) as claimed in claim 14, for respectively
receiving the binary RZ modulated signals hav-
ing different wavelengths.

24. An optical transmission system as claimed in claim
23, wherein the optical wavelength-division multi-
plexing section has an optical filter for removing
higher harmonic components included in the binary
RZ modulated signals having different wave-
lengths.

25. An optical transmitter comprising:

a plurality of optical transmitters (101-1,
101-2, ..., 101-n) as claimed in claim 5, for gen-
erating binary RZ modulated signals having dif-
ferent wavelengths; and
an optical wavelength-division multiplexing
section (104) for wavelength-division multiplex-
ing the binary RZ modulated signals having dif-
ferent wavelengths, and outputting the wave-
length-division-multiplexed binary RZ modulat-
ed signal.

26. An optical transmitter as claimed in claim 25, where-
in the optical wavelength-division multiplexing sec-
tion has an optical filter for removing higher harmon-
ic components included in the binary RZ modulated
signals having different wavelengths.

27. An optical receiver comprising:

an optical wavelength-division demultiplexing
section (105) for receiving a wavelength-divi-
sion-multiplexed binary RZ modulated signal
output from an optical transmitter as claimed in
claim 25, and wavelength-division demultiplex-
ing the received signal into binary RZ modulat-
ed signals having different wavelengths; and
a plurality of optical receivers (102-1, 102-2, ...,
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102-n) as claimed in claim 14, for respectively
receiving the binary RZ modulated signals hav-
ing different wavelengths.
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